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PREFACE. 



A PocKBT Manual of Artitiery having already 

^> for many years^ in very general use m the 

Ovfaance Service^ it will perhaps be eitpected tl^ 

I should shortly explain why I have ventured to 

pablish another little work on the same subject. 

It would be absurd to claim an hereditary title 
in the ' Pocket Gunner'; but I may be permitted 
to feel an hereditary itterest in a subject. which 
mgi^ied my father's ptofessional atteatioo^ and 
WM prmeipally illustrated by his kbouri. The 
'' Little Bombavdier and Pooket GumeD' was £nt 



PRSFACE. 

published in 1801, and was compiled by the late 
Major Ralph Willett Adye. I have in my pos- 
session my fathers papers^ from which a very 
material part of that work was composed ; the 
passages extracted being marked in his hand- 
writing, for that.pdrpbse. ■ . ■ ' * 

In 1802^ a second edition of the ' Bombardier 
and Pocket Gunner/ revised and corrected^ was 
published^ with the name of the compiler on the 
title page. The memoranda for this improved 
editijon were i^sp^ to a . great 'extent^ furnished by 
my: father; who, ha^fiyet, declined, any la^ention 
of his Qame> or share vfi the wogrk. It aiteofwards 
went thrpugh . four impressions, without n^a^teiial 
alteration. Major Adye died in 1804, and in 
1808, my father. 

.' Major Eliot, in. 1813, p9:epai;ed .a sev^th edi- 
tion, in which, however, he only, (piut^y inseited 
^me of the details of the improved practice wliiqh 
;)expme&ce.>liiid suggested.; a^d in 1327 he pub- 



lishi^: an eighth! : edition; hut in this tdao^ while 
much ohsolete matter was retained, many of r the 
improvements^ to which the advanced state of the 
service had led, were entirely omitted. 

It was suggested to me> by some of my military 
incndsy'that I should undertake to compile an 
improVM' work. I was satisfied, froni my own 
'<)f»kerrati<Mi^ ' that this might he done,, and I have 
therefoire^dttefmpted it. I am quite sensible, that 
much yet remains to make this- work complete; 
but I trust that ray little volume is not altogether 

unwoiihy of approbation, as an attempt to afilbrd 

. ' '' ■ . . , ' 

tp the profession, information on many points of 
importance, which have been altogether omitted in 
the former work. 

I thought it very desirable that a work of this 
kind dhoflld tontain not only the practice of.Ar- 
till^ and Engineering, as was the cose with the 
' Bombardifet and Pocket Gunner,* but also some 
eilueidation of the theory of those toieuces; and 



I have therefore introduced several 9cdeiitific pfipen 
on these subjects* 

Besides^ undertaking to correct the errors of ob- 
solete rulesj and to enlarge and extend the quantity 
of useful information witb wl^ic^ 9uch a book should 
assist the practice of the profeftsed artillerist^ I have 
&rther endeavoured to mak« the present volume of 
some worth, on other points, tPr ipdiyidu^s in the 
lower ranks of the Artillery, a$ well as tq the junior 
members of the service in general. 

An acquaintance with the first principles of 
fortification, — as well permanent as field, — is in- 
dispensable to every oflGicer ; because there are 
none who may not be called on, in the exigences 
of the service, to direct or assist in the construcdon 
of field-woiiLs, temporary biidgefsu/g^jbipus^ fascines, 
etc. It ii^ therefore presumed^ thfttn few practicfil 
rules, applicable to these ^varioua departments of 
professional science, and mechanical labour, may 
not be found unacceptable or useless. It jfi 9,0- 



knowledged that tius sori of iJaformation has not 
jyei been satisfactorily given in a portable compf^; 
and I venture to hope^ that, in an endeavour to 
supply it, it will be found, I tave not been alio- 
gether unsuccessful. 

In coitipi&g the *' British Gunner/' I have 
received gteat assistance flrom many of mymDitary 
friends.).. btit I mt, hx toi especial maj[|p$r^ bound 
to.aeknbwiedge my .obligatiooais. td Lieut-General 
Cuppagfe^ to Major- G^neidi Millar^ andito Colotnel 
Sir A. Dickson, for the facilities which .they 
aflforded me, in permitting me to have access to 
the information oontaineid in the several depart- 
ments over which thej. respectively preside, with 
so much advantage to the public service. To Sir 
Alexander Dickson^ in particular, I have to return 
my. thanks ifor the support which I e2q)erienced 
fix)m him, when very serious obstacles would other- 
wise have been thrown in my way, — to which sup- 
port I was indeed indebted for the Master-General's 
permission to procure information, which had pre- 
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vibusly been refbsed^ to me, from the Royal Labo- 
ratory. 

J am bound, also, to offer my best thanks to 
Colonel Sir Augustus Frazer, to Colonel Drum- 
mond, and Lieut.-Colonel Lloyd, and to Captains 
Scott and Barlow, fdr^llie several valuable papers 
whicii-'they freely allowed me to consult, — and to 
Miijor Charles Cv Mitchdl/'Tor liis kindness in 
designing the diagrams in the body of the work, 
and the vignette oh the title page, the latter of 
which he engraved. 



P.S.^ — I have been compelled to abandon the 
use of the diagrams above-mentionecl, in conse- 
q.uence of a change in the arrangement of the 
work ; and also of the vignette title-pagie,* of which 
tlie plate is so much worn that it ndwafioifds only 
very faint impressions. 
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ADVERTISEMENT. 



^'iitXf W^iim, 



It is now upwards of fifteen years, since, at the 
request of mf professional firiends, I compiled and 
pubUshed the first. Edition of the ' British iGunner,' 
and, almost immediately after, retired^ temporarily 
ftom the actire duties of my profession. 



1 ^ 



On my retiirn to England in 1836, my puMsher 
informed, me, t^at the seppnd impression^ a simple 
reprint of ikhe first, was exhausted, and requested, as 
the work was still in demand, that I would prepare a 
third Edition for the press. 

It was certainly satisfactory to find, that two un- 
usually large impressions of a work like the ' British 
Gunner,' strictly professional, had been exhausted in 
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less than eight yeais; but that circumstance alone 
would not have induced me to undertake the labor 
which my publishers request implied. I again appear 
as an author, in deference to the opinion of, I am 
afraid, over-partial friends. 

The present Edition will, I trust, be found an 
improvement on its predecessor. It may be regarded 
as a new work in some respects. The arrangement 
has been partially changed, some of the articles 
abridged, others extended, all of them re- written, 
and a variety of new facts, and illustrations in- 
troduced. 

I desire a second time to acknowledge the kind 
and cordial manner in which Lieut-Colonel Dundas, 
and the other chiefs of the several departments in the 
Royal Arsenal' granted me adoess to the records in 
their respective offices^ and to add, that, should future 
iEditions of the work be called for, it is very improbable 
that it will b0 again subjected to either addition or 
alt^r^tion. 



f <■ 



I^otes 



£zn.AVATOBT OF THB SbVSRAL SUBJSCTS TO WHfCH 

THSr BKI^TB. 



COHSTBUCTIOH OF XbOB 6uB8. 

If the reader will tarn to either of the preceding Edi- 
tions of th.is work» he will there find the following Note 
on the construction of iron ordnance. 

I had long beea of ophiion, that in 'the ooastniotion of iron ord- 
nanoe muoh more metal was ooDsamed than wm at all neo«wtiT, 
and it..had orvarred to iqe that hj a series of experiments we mifijVt 
aittve at the knowledge of a law 07 which gans mfffht hereafter oa 
constructed on better, and more soientifio prineiplee. I made t 
oommonioation to that effect to the Master General, and his Graeo 
referred it to thi) delect Committee at Woolwich for their examination 
and report. It was not, howeTer, thought proper at tiie time to 
entertain my saMmtion, but I have since had the satisfeetion to see 
that some guns of much lese thickness of metal hare been cast, and I 
am confident it will eventnally be admitted that hitherto we have 
proceeded on very erroneooa prineiplee. 

The proposition to which the above Note has reference 
was laid before the Select Committee, which I attended^ in 
]SZ7» and at that date the lightest iron gun in the Secrioe 
of eaoh of the undermentioned natures was, — 

SS.PoQnderB, 56 Cwts. 
^ »» ^ ft 

And at the present time the lightest gun of each of those 
natures wdghs,<^ 

SS-Founders, 42 Cwts. 
24 n 37 „ 

It would thnb appear, all the above guns being of the 
same length, that effect has been given, in part, to mj 
eaggestion. I will only Airther add that these guns of 
reduced weight and thickness of metal wexe VsLXsoAnfiKAL 
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into the Service by the late Lieutenant General Millar, 
the then Inspector of Artillery, and that he was an active 
and zealous Member of the Committee who reported on 
my proposition. 

Fbacticb tbbsus Theoby. 

The practical Artillerist well understands the danger of 
trusting entirely to theory. It will perhaps be satisfac- 
tory to the uninitiated to have an opportunity of contrast- 
ing the following theoretical conclusions of Professor 
Babbage with the annexed practical results. 

"If a gun," says the Profissor, "is loaded with ball, it will not 
kick so much as whed loaded with small shot ; and amongst different 
kinds of shot, that which is the smallest, causes Jthe greatest repoil 
against the shoulder. A gun loaded with a quantity of sand, equal 
in weiglrt to a tharf^ of snipe shot, kicks still more." Page 28, 
Economy of Machinery and Manafaotures. 

• Memorandum of an Experiment made to ascertain the 

Recoils of a Mnst^uet, suspended as a Pendulum Eprou- 

vette, loaded with five drams and a half of powder, and 

the following charges. 

Royal Arsenal, 30th March, 1838. 

Lead Ball, Weight 17 Drams )| . . . .Becoil 42-55 Degrees. 
- - „ 40-26 „ 

„ 4263 „ 
„ 4330 „ 
„ 42-54 „ 

38*^ 

' Note, — The results given above are each the average of 
three rounds, fired under precisely the same circumstances, 
and, in every instance, the charges of bird shot and sand 
were of exactly the same weight as the lead balls. 



Bird Shot, Double B. 
„ „ Xomber 2 


n 


•»» »». M 4 


•1 


»» >» >» ^ 


It 


»» >» »» " 

Dry loose sand 





„ 88*83 „ 



" If, in loading, a space is left between the wadding and the charge, 
the gun either i-ecoils violently, or bursts." Idem. 

Memorandum of an Experiment tnade to ascertain the 
Recoils of;^ Musquet, suspended in the place of a Gun 
Eprpuvette» loaded vfith five drams apd a half of powder, 
and 4he ball in contact with, and at certain distances from 
the charge. . 



N0TB8. 

Royal Arsenal, 7th April, 1867. 
Ball in contact with the Charge. . . .Recoil 44-73 Degrees. 
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jViE>lf.-- The above results are likewise the ayerages of 
three rounds, and subsequentlj three additional ronDdi 
were fired from the same musquet, the ball, in these in- 
stances, being jammed into the Barrel, with paper, at the 
under-mentioned distances from the charge. 

Ball 19 indies from the Charge. . . . Recoil .35*3 Degrees. 
*4 „ „ ,, ff . . . . f, o0*8 ff 
"" 19 tt n i» ••••»» •4*1 ,f 



" If the mozzle ot a gun has been accidentallT stack into the 
ground, so as to be stopped up with- day, or even with snow, or if it 
be fired with its muzzle plunged into water, the almost certain 
result is that it bursts." Idem. 

Memorandum of an Experiment made, in 1835, to 
determine the Resisting Powers of a Musqnet Barrel, 
under the conditions hereinafter stated. 

The musket, loaded with six drams of powder and a lead ball, 
about five inches of the muzzle being stopped with moist sand, was 
fired without perceptible efiSact on the~b8rre!. It was then re-loaded, 
with the same chaise, the barrel being this time filled with sand, and 
again discharged without effect Finally it was again loaded and 
fired with the muiale plunged into a bank of sand with the same 
result. 

An iron plug, two indies long, was next inserted into the muzzle of 
the barrel, and careAilly securedin that situation by soldering. The 
breech was remored to admit the ball, wrapped in paper, and a charge 
of two drams of powder. It was then restored to its place, and the 
musquet again dischaiged without perceptible effect on the barrsL 
On examixnng the ball however it was found to have struck against 
ttie end of the jftag, and that its snxiluM was thereby somewhat 
flattened. 

■ The ezperiment was then repeated, the charge of powder beiiig 
increased to thxee drams, with the same result, except that, in this in* 
stanee, the impression on the surfkoe of the ball was less than in the 
t>Rner one ; and on the ohai^ being increased to fbur drams, sodi 
was tiie ooBBpresstea of the air, in front of the ball, that it nenrar 
arrived at the plug,-^tbe elastle fluid having in this, aa iii«ha\«« 
preceding experiments, ese^»ed through the 'veut. 
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FiiMJIX the masquet was loaded i»ith six drams of powder, and, on 
its beixu; fired, so violent was the compresuon of the air that about 
two inches of the barrel immeinately in contact with the plug gave 
way. On this occasion it was evident that the ball struck the plug 
subsequently to the bursting of the barrel, as it, in part, took the 
impression of the firacture. 

« Weights and Dimensions. 

The reader will observe in the following pages, especially 
in tiie tables, that, in many instanoes, I have omitted to 
tpeoify the particular weights, and dimensions employed. 
He will therefore hate the goodness to bear in mind, in 
every snch case, that the weights used are pounds,' and 
decimals of a pound, and the dimensions feet and decimals 
of a foot 

Mavceuybes 07 Field Artillebt. 

Lorsqu'on apprend auz troupes des choses J nu tiles, 
says Mont^cuculi, Ton n'a plus le terns de leur enseigner 
lea necessaires. 

It is in accordance with this incontrovertible maxim, 
that I have selected, from the Authorized Codes, and in- 
serted under the head *' Exercise," only a portion of the 
Field Battery and Horse Artillery Manoeuvres. 

Certain individuals having of late ventured to dispute 
my father's claim to the original authorship of that sys- 
tem of MancBuvres which carried the Artillery through the 
late war, and Migor General Drummond, the President of 
the Committee to whom the revision of the Field Battery 
Exercise was entrusted, having, on the completion of their 
labours, kindly sent me a manuscript copy of the revised 
Code, I presume I shall be excused, if I here insert, as 
my reply, the concluding paragraph of the Committee's 
Introduction. 

** To the late Major Spearman, the Service is indebted for the first 
formation of a System of Exercise for Field Artillery. It was en- 
titlBd ** The Exercise of a Bri^ule ot Guns," aad consisted of Ma- 
xueavxes adapted to siic pieces. Ko attempt however has hitiierto 
batn made to form an entire code of instructions. Almost the 
i^iole of the present worii therefore is new ; and althoufd^ every 
oadMvour has been made, under these disadvantages* to render the 
work complete, yet no doubt thOM may he errors w)mb. future experi- 
ence will correct." ! 
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Ammun ITION* — Charge^ — Cartridge, 

Bail-Cartridge Ammunition for an army on active 
service, is usually supplied and distributed on the 
following basis : — 

Distribution, If^aniry. Cavalry. 



In the possession of the Soldier . • 60 

Wtth the Divisional Reserve .... 30 

„ „ General „ •••• ^ 

In Action or Reserve .... 140 

InDepdt.. 50 

Total Rounds per Man 190 



30 
30/. 

n 

60 
30 

90 



Ftdtf also Field, Siege, and Garrison Artillery, for 
the proportibii of Artillery Ammunition required to 
accompany an army in the field, to lay siege tu a 
fortified place, or to defend pn^. 



Antihovy, — Compositum. 

A nieUdlic suostance^ brittle and crystaline, and of 
a sUvery white appeigrance ; very rarelj foQ!^^',!|n a 
pure state is nature. As an ingredient m the compo- 
s^tipn of l^-worl[s, it produces in the flame a whit- 
iih appearance, adds activity to the fire, and reodcn 
it clear, lively, and difficult to be extinf^iudMd.. 
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ART. 

AftTiLLEEY.— Ca/t6fv, — Carriagey—Carifidge. 

The roaterial is classed into Field, Siege, and Gar- 
rison Artillery. 

The proportion of aitrlletr necessaiy to accom- 
pany an army in the field depends on its strength, 
and the character of the troops composing it, — ^the 
face, features, and general character of the country 
in which it is to act,— the state of the roads, and the 
means of transport,— the nature of the war, whether 
offensife or defensive, and the intended pla^i of ope^ 
rations. 

If an army is to act on the offensive, in an open 
country having good roads and facility of transport, 
a larger proportion of artillery should accompany it, 
than it would he advisable to attach to the same 
army acting in a strong country, where the great ob- 
ject to be attained, is ofteq, not to bring on a general 
action, but by marching, and manoeuvering, to oc- 
cupy advantageous positions; and where, conse- 
quently, celerity of movement is the point to be 
mainly considered. In hilly countries, this propor- 
tion must be still further reduced, aud in mountain- 
ous countries the use of artillery should be altoge- 
ther dispensed with unless it should be necessary 
to occupy an important post, to attack an intrench- 
ment, or to dislodge the enemy from his position, by 
taking advantage of commanoing eminences. 

If^ on the other hand, an army is to act upon the 
defenidve, in a country having only tolerable roads, 
and where the probability of being obliged to under- 
take long and rapid marches is not great, a larger 
proportion of artillery, and a heavier description of 
' iMitteiy should accompany it, than would be desirable 
with an army acting offensively in the sam^corviiVr}. 
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But if this defensiye system be carried od in a strong 
oottntry, having no fadlity of transport, and where long 
and rapid marches may become indispensably neces- 
sary, not only should the proportion of artillery be re- 
duced, but the batteries snould likewise be composed 
of a lighter description of ordnance. It is obvious 
that in all these cases the great object to be attained 
18 the adaptation of the artillery to, the several circum- 
stances above enumerated, and if this object be not 
constantly kept in view, it must result, either that the 
batt^ies will be inefficient, or that, instead of support- 
ing the operations of the other troops, they will be the 
cause only of delay and embarrassment. 

GENERAL Principles Applicable to the Dis- 
tribution OF Field Artillery. 

1. Field Artillery Is assigned to, and combined with 
infantry and cavalry, formed into divisions, by active 
batteries, and by batteries of reserve. 

Consequently — 

2. The proportion of artillery necessary to place an 
army in the neld on an efficient footing must depend, 
not alone on its strength, and the character of the 
troops composing it, but likewise on its composition 
and organization. 

3. Experienced troops, or troops aooastomed to act 
together, do not require so large a proportion of artil- 
lery for their support as inexperienced. 

4. The relative proportion of artillery assigned U> an 
anay in the field, irrespective of its composition and 
organization, and of tne composition, and calibre of 
the several batteries, varies, under ordinary oircum- 
sttnces, from one W three pieces of ordnance for each 
thousand men* 



ART. 

5. ArtilleiT is, in genera], assigned to cavalry in the 
proportion of two guns to one, as compared with that 
assigned to infantry ; and, in forming the reserve of a 
corps-d'armee, this proportion is usually rerersed. 

Supposing therefore a dmaion of infantry to consist of 
9,000 men, and a division of cavalry of 3,000, and a corps- 
d'arm^e of tbiee' divisions of infantry and one of cava£y, 
such a corps, on the basis of 2 guns to 1,000 men, will 
require, to place it on an effective fouling, 60 pieces of ord- 
nance, or 10 batteries, distributed as follows : — 

1st DiviBion of Infantry 12 pieces of ordnance, or 2 batteries. 
2nd „ „ 12 „ „ 2 „ 

3rd „ „ 12 „ „ 2 „ 

Cavalry Division ft „ „ 1 „ 

Reserve 18 „ „ 3 „ 

Total 60 pieces of ordnance, 10 batteries. 

It must here be observed that the practice of esti- 
mating the proportion of artillery to cavalry and in- 
fantry at so many pieces of ordiiance per thousand 
men, is derived from the old system under which guna 
were assigned to particular regiments or battalions. It 
cannot therefore be considered, under present circum- 
stances, as a rigorously accurate basis, although it is 
sufficiently so for all practical purposes. 

Calibre of the Ordnance, and Relative Pro- 
portion OF Horse to Field AaTiLLERy. 

'Ilie calibre of the ordnance, and the relative pro- 
portion of horse to field artillery must depend on ihe 
composition of the army, and the nature of the country 
in which it is to act. As a general rule, 9-pounder 
batteries are considered the most eligible in an open 
country ; in hilly countries, 6 and 3-pounder batteries ; 
if a numerous cavalry is to act, the relative proportion 
of horse artillery must be increased, and, finally, if im« 
portant positions are to be occupied, or strong redouh\& 

B 
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or castles to be attacked, one or more 12 or l8-pouiider 
iMitteries ifvill be required. 

Basis on which the Supply of Artillery Ammu- 
nition FOR AN Army in the Field is usually 
Calculated. 

Guns— •IS-Pounders 169 Raunds per Oun. 

12 » 178 „ 

if fj •••••••• lOO )y ff 

6 „ (Heavy). 230 „ 
6 „ (Light). . 220 „ 
3 „ (Hearv). 316 „ 

Howitzers — 8-inch v 112 Rounds per Howitzer. 

24-pounders . . 144 „ „ 

12 }) . . *'M if )5 

Application of Artillery in the Field. 

The eflfect of artillery in the field is in direct propor- 
tion to the concentration of its fire. Field artilleiy has 
therefore for its object, not to strike down a few iso- 
lated men, and here and there to dismount a gun, but, 
by the combined and concentrated fire of pow^ful bat- 
enes, to open the enemy's ranks, to arrest his attacks, 
and to support those which may be directed against 
him. 

Hence the following maxims : — 

1. Ascertain what points of the enemy's position are 
to be attacked, and the effect expected from your fire. 

Because until you are made acquainted with these parti- 
culars, it will he impossible for you to choose proper positions 
for your batteries, or to avoid placing your guns in situations 
which may he more advantageously occupied by the line. 

2. Plant your guns, if possible, so as to obtain a 
cross fire, not only upon the enemy's position, but like- 
wise upon the ground over which he must advance to 
attack you. 
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Batteries dms posted (figure l)yKBciprocally defend each 
other. They represent the coUateral flanks A B, A' B', of 
a front of fortification, the infantcy B B', in the interval 
hetween them , representinjip thc^ curtain. In such situations^ 
therefore, the angles formed by the lines of fire or defence 
B C, B' C', and the curtains or parts to be -defended BW, 
cannot be too open when acting on the offensire, or too 
acute when acting on the defensive, provided always^ that 
in this last ciMie the batteries themselves axe defiladed. 

3. AToid positions in front or rear of your own line. 

Guns thus posted, ofier a two-fold object to the enemy's 
fire. Such, positions are, therefore, vicious in themselves. 
Besides that, in the former case, they will infallibly impede 
the mancBuvres of your own troops, while, in the latter, they 
have a tendency to alarm and discourage them. 

4. Do not, if you can possibly aroid it, disperse your 
batteries. 

The flanks of the line to be defended (figure 1), are the 
proper poiitk>ns for your guns. If, however, the line oocu- 
pied by the troops be so extensive as to render such a dispo. 
sition unavoidable, concentrate two or more of your most 
powerful batteries in a central position. Artillery, thus 
posted, may be regarded as a flat bastion, or redan, and if 
judiciously handled^ it will be productive of corresponding 
effects. 

5. Place your guns, as much as possible, under 
cover. 

Tot this purpose^ take advantage pf banks, hedges, hollow 
ways, and other obstacles,- both JQatoral and artificial, which 
the vicinity may offer. Upon heights, the guns may be 
kept retireji, so that their muzzles only are visible. 

6. Avoid posting your batteries too soon ; or if com- 
pelled, by circumstances, to do so, mask them until the 
moment they are to open their fire. 

With this object in view, place your guns behind build, 
ings, or any other cover wbich may offer, until thevc-^tXA\% 

b2 
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to open. Where such obstacles do not present themselyes, 
cover your batteries by other troops, particularly cavalry. 
Horse artillery may readily practise this manceuvre, by 
means of their mounted gon detachments. 

7. Do not direct your &te on the enemy's artillery, 
unless your troops su£fer more from his fire than his do 
from yours. 

If compelled to fire on the enemy's artillery, do not at- 
tempt to oppose gun to gun, as by so doing, your success 
will, at best, be doubtfUl ; but endeavour, by a powerM 
fire, concentrated on each of his batteries one after another, 
to crush them in succession. 

8. Do not crowd youi batteries into confined situa- 
tions. 

Guns thus posted) are not only fhdtful in casualties, but 
they invite the enemy's attack. Your endeavour should, 
therefore be, so to post your batteries as to compel the 
enemy to divide his &re, while you retain the power of con- 
centrating your own, at pleasure, upon any given point of 
his position. 

9. Avoid positions which are exposed to the enemy's 
oblique or reverse fire. 

This is the general rule, but, like other general rules, it 
is not without its exceptions ; for instance, it will not apply, 
if such a position will enable you to produce a decisive effect 
upon the enemy before he can disable your guns. 

10 Positions having a command of about 35 yards 
in 600, are to be preferred to more elevated ones. 

If a position of greater command than this maxim sup- 
poses be occupied, the fire of your guns will be too plunging 
to do much execution ; and further, it must be remembered 
that, in such situations, the danger to the enemy diminishes 
exactly in proportion as he advances to attack you. If it be 
absolutely necessary to occupy more commanding heights, 
secondary batteries must be so posted as to enfilade them at 
their bases. 
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I ] . Avoid posting your gans directly in front of your 
intended points of attack. 

This maxim is founded npon the well-known axiom that 
the fire of field artillery should always be made to strike an 
object in the direction of its greatest dimensions; that is, 
it should be made to strike a line obliquely or in fiank, a 
column in front 

12. EndeaTOur, especially at the commencement of 
an action, to deceire the enemy as to your real points 
of attack. 

With this Yiew, you should direct your fire, at the begin- 
ning of the action, generally over the enemy's whole line, 
or on those points which are most distant from your real ob- 
ject. It is only when your columns are ready to advance, 
that the fire of your batteries should be directed on the real 
points of attack, and then, every effort must be made to 
overwhelm and crush the enemy. 

13. Be not too prodigal in employing your reserve. 

If a particolar point of your Hne requires additional sup- 
port, or a favourable position is to be seized; if, having 
made an impression on your line, the enemy is preparing 
for a forward movement, or vice versa, a bold attack is to be 
made on his line, then is the time for die reserve to advance, 
and take part in the action. 

14. Reserve a portion of your horse artillery for 
rapid and decisive operations. 

If the enemy so concentrate the fire of his guns as to pro- 
duce a deciidve effect on your line, he must be instantly en- 
countered at all hazards, by the rapid movement on his 
flank of your disposable batteries. 

15. Never abandon your guns till the last extre- 
mity. 

This, is the point of honour : — remiember too that the last 
discharges are idways the most destructive ; that they may 
prove your saSvtttion, or qtown you with glory. 
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£tef$ ftrtiUetrs. 

Tbe quantity of aitilleiy required for the attack of a 
fortified place, depends on its situation and extent, — 
the construction and i^ondition of the worlo, — the 
strength of the garrison, and the ohaxacter of the troops 
composing it, — ^the proposed plan of attack, and the 
expected duration of the siege. 

In order, therefore, that the Commanding Officer of 
Axtilkry may prepare an estimate of the quantity of 
ordilance and ammunition required, the Commander 
of the Forces, or General, charged with the Direction of 
the Siej^, should provide him, if possible, with a plan 
of the rortifications and environs of the place, together 
with such pn^les and remarks as may enable him, in 
conjunction with the Commanding Engineer, to as- 
certun whichfront or fronts are most assailable, with, 
the advantages or disadvantages likely to attend each 
attack. He should also be informed as to the quan- 
tity and nature of the ordnance mounted on the works, 
— ^the supply of ammunition with which it is provi- 
ded ; and whether the town is populous, and the inha- 
bitants expected to give their zealous assistance in its 
defence. But the most important information which 
he can receive, on this point, concerns the state of the 
garrison, — whether it is composed of veterans, or raw 
kvies, and whether the Governor has a character for 
resolutioa and- military talent On these data, he may, 
in nine cases out of ten, form a tolerably accurate 
opinion of the value and importance attached to the 
place, — of its means of defence, and of the degree of 
resistance to be expected ; since it is not for a moment 
to be presumed^ that any government would shut un a 
brave and numerous Ibrce in an ill-£ortified and badly-^ 
provisioned placoj lat the risk of seeing it sacrificed 
aJhet a short resistance. 
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If, however, as is generally the case, the officer 
charged to prepare the estimate cannot procure suffi- 
cient information on these points before-hand, he must 
depend on a calculation of chances, and have recoorse 
to those general principles which apply in all situations. 
He must endeavour to ascertain — according to the fun- 
damental maxim of all besiegers — against which finrnt 
or fronts of the place the attack can be made with the 
least exposure and greatest expedition, whether the 
siege can be most advantageously carried on by regular 
approaches, by taking advantage of any cover in the 
vicinity to break ground close to the walls, or by bat- 
tering them from a distance. 

General Principles Appucablb to the 
Attack op Fortified Places. 

1. To insure the speedy reduction of a fortified place, 
the besiegers must support their operations, by a fire, 
constantly superior to that which the besieged can op- 
pose to them. 

Consequently — 

2. Every line or face of the works bearing upon the 
attack, — on the prolongation of which it may be possible 
to establish a battery, — must be enfiladed by from three 
to five pieces of ordnance. 

3. The fire of each of the defiladed lines or facesmust 
be silenced bv a direct battery; each of these batteries 
should theren>re contain three pieces of ordnance for 
every two that the besieged can oppose to it. (Vide 
maxim 7, Field Attillery.) 

4. If the non-defiladed lines or faces be covered by 
a glacis, from two to three howitzers, and from four to 
five smfdl mortars must be provided in addition to the 
above ; the former to sweep the branches of the covered- 
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way, ihe latter to overwhelm the besieged in the re- 
entering places of arms. 

SapposiDg, then, that an attack is to be directed on two 
rarelins, and the intermediate bastion of a regular hexagon, 
fortified according to Yauban or Cormontaigne,and that the 
ri§^t face of the left-hand ravelin is defiladed, tiie following 
proportion of artillery will be reqtdred, — 

To enfilade the iSu^s of the front bastion, 
and the branches of tbe. opporita 
covered-way 10 to 14 pieces 

enfilade the fiaoes (bearing on the attack) 
of the coOateral bastions, and tbe 
branches oftheiroppoate covered-ways 10 „ 14 „ 

enfilade thefiftces of the ri^t ravelin, and 

the branches of its coV^red-way 1^ „ 16 „ 

enfilade the left iietoe of the left ravelin, 
and the opposite branch of the co- 
vered-way 6 „ 8 „ 

To silence the fire of the right, or defiladed 

fttoe of the left ravelin 15 „ 18 „ 

To firs into the re-entering places of arms, 
and the defiladed branch of the co- 
vered-way 25 „ 30 „ 

To gain possession of the covered- way 78 to 100 pieces 

Lastly, a farther supply of from 30 to 40 heavy guns 
^nll be retpired for the breaching batteries. 

(Xlibbe op the Obdnance and Relative Propor- 
rioNS OF TBE Several Natures to each Other. 

Guns : — Of the whole number required : — 

24.Pomiders, |. 12-Fonnders, f . . 

lowitzers : — One for every four guns : — 
lO-Inoh, i. 8-Inch, f . 

Jortars: — ^Thirteen for every twelve gims : — 

10-Inch,-^. 8.1nch,i2r- 

^ II tV* ^ >i a* 
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Basis on which tbb Supply of Artillery Ammu- 
nition FOR THE Siege of a Fortified Place is 
USUALLY Calculated. 

Gims: — ^24-Poiinder8.... 1150 R^tmds per Gun. 
12 jf • • • • looO )) ' ff 

Howitzers : — 10-Inoh. • • . 610 Eoimds per Hovitzw. 
8 „ ..... 610 » .. 9i 

Mortars: — lO-Inch- .... 660 Rounds per Mortar. 
8 „ .... 610 „ „ 

5t » • • . . 200 „ „ 

4| „ • . • . 200 yi „ 

Application of Artillery in the Attack of 
Fortified Places. 

The employment of artillery at a siege, has for its 
object, to cover and protect tne operations of the ft^ 
tack, — ^to destroy the enemy's defences, — to silence lis 
fire, — and, finally, to breach the walls, and thus opn 
to the besiegers, a road into the place. 

The batteries intended to cover and protect the ope- 
rations carried on from the first parallel, are therefor 
usually establi^ed in its immediate yicinit^-r—som^- 
times within the parallel itself — and should contaii 
each from 8 to 10 pieces of ordnance. The object. of tte 
besiegers, in establishing these batteries, is, to drive tJe 
enemy from his outworks, — to intercept his communicr 
tions, — and to dismount that part of his artillery* whit 
would, if it were not silenced, sensibly retard t}e 
progress of the approaches towards the place. De 
most advantageous sites that can be chosen for thcp, 
with reference to the defences, of the place, will cn- 
sequently be, on, and perpendicular to, the proloo^- 
tions of such of the faces of the works, as ire 
subject to be enfiladed. But, if these positions cailot 
be attained, dtiieivoii account of the disposition o&he 
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works, or the nature of the ground, they should be es- 
tablisbed within the prolongations, so as to take the 
faces in reTerse. If neither of these last-mentioned 
positions can be occupied by enfilading, or ricochet 
batteries, the battery to destroy the defences of a 
face, must be posted without its prolongation, so as 
to fire, under as small an angle as possible, obliquely 
across the jparapet, and thus plunge into the rear of the 
adjoining flank. The last position, in point of advan- 
tage, which can be occupied by the first batteries, — 
from which a vigorous, and incessant fire must be kept 
up, more particularly at the commencement of the 
siege, and which should, if possible, continue open till 
the besiegers arrive on die crest of the glacis, — is, di- 
rectly parallel to the face, to the defences of which 
they are to be opposed. 

Under the -protection afforded by the &Te of these 
batteries, the engineers are enabled to push forward the 
approaches, till they arrive at those points, through 
wnich it is intended to run the second parallel ; that is, 
till they meet the musquetry fire of the goyered-way. 
Arrived at these points, it sometimes happens that the 
works, which the construction of this parallel necessi- 
tate, unavoidably mask the fire of the first batteries. 
Should this prove to be the case, the artillery must be 
removed from them, into fresb batteries now to be 
prepared for its reception. In the choice of the sites 
for these second batteries, not only must the objects 
for the attainment of which the first were establi^ed, 
be kept steadily in view, but situations should also be 
selected, on wmch to erect howitzer, and. mortar bat- 
teries, to ricochet the flanks of the bastions, and to 
annoy the defenders of the curtains. 

The approaches, are next pushed forward to about 
midway between th^e positions, and the crest of the 
glacis; at which cUstance, the sappers, being m\\!&«L 
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reach of sudden sallies £rom the garrison, and exposed 
to an effective musquetry fire from the place, they re- 
quire a more proximate protection than can be afforded 
by the troops stationed in the second parallel ; demi- 
parallels are therefore now constructed, and howitzers 
placed in battery in their extremities, to sweep the 
branches of the covered-way, and endeavour to silence 
the musquetry of its defenders. 

The third parallel, which is usually run at the foot 
of the glacis, affords positions, from which the defences 
of the place may be still further assailed, and the mus- 
quetry fire of the defenders of the covered-way totally 
silenced. The batteries established for these purposes, 
are sometimes armed with howitzers, but more fre- 
quently with small mortars ; the former to ricochet 
the faces of the ravelins and bastions ; the latter lo 
search into the places of arms, behind the traverses, 
and generally into all the defiladed defences. 

As soon as the batteries planted in the third parallel 
are equipped, and ready to open their fire, the ap- 
proaches are again pushed forward, — the covered-way 
is attacked, and counter and breaching batteries are 
established on its branches; — the former, to destroy 
such of the flank defences as still remain intact ; — the 
latter, to open the revetments, and secure a passage 
into the place. The breaching batteries are usuaJly 
placed opposite that part of the covered-way, which is 
included between the first and second traverses ; — the 
counter batteries, on the branches of the saliant places 
of arms; — those established on the saliants of the 
ravelins, should therefore direct all their efforts to open 
the opposite faces of the bastions, and thus expose the 
contiguous flanks to be enfiladed, or seen in reverse 
from the third, and demi parallels, while those esta- 
blished on the saliants of the bastions endeavour to 
encounter their direct fires. 
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ComosiTiOir of a Battering TBiiir- of One Hundred 
and Forty Pieces of Ordnance. 



OBDNANCS, ETC. 



h' 

^ 



Obsebyatxoks. 



Ottiu 



Howitzers 



Mortars 



Obdnance. 

{S4-PoiiBdsr8 . 
12 „ . 

I 8 „ .. 

lO-Ineh.... 
8 , .... 

H,f .... 
4.}., .... 



{ 



40 
20 

5 
10 

10 
15 
20 
20 



Ca&biaoes. 



24-Poander 



Gun 



{24-Poai] 
»» »> 
12 « 



Howitzer 
Mortar Beds 



[ 10-Inch. 

] s ;; : 

V » »» • 



^10-Inch.... 

I O ff . • . . 

' Platform -< Spare 

i24-Pounder. 

MO-Ineh.... 

Waggons ( Flanders 

Store 



40 
4 

20 
3 

5 
1 

10 
1 

65 

10 
8 
4 



I 



Forge 

( Sling.. 
4 Hand.. 
I T; 

Drags i^"^ 



3 
00 
10 
10 



Carts 



Trenoh 

Large '. 
Small . 



Devil-Carriages (Small) 2 



10 
50 
60 

6 
5 



In many cases, more guns 
with the same quanti^ of 
ammunition would be better 
and chieaper ; and, as eadi 
Battering Train must ba 
formed with rdierenoe to its 
partacular destination^ this 
scale is of course subject to 
modification. 



1 for each Gun. 

f^ 10 „ Spare. 
1 „ eachOnn. 
1 „ 10 „ Spare. 

I for eadi Howitzer. 

1 ,y 5 ,, Spare. 

I „ each Howitzer. 

1 „ 10 „ Spare. 

1 for .each Mortar. 

1 for each 10-Inch Mortar. 

1 for erery 2, 8-Inch Mortars. 

1 in 5 for Mortars, 
y 1 for every 5, 24'Poanders, 
' and 10-Inch Howitzers. 

Ifor eaehpkpoe ofHy.Ordnanoe 
1 for every 10 pieces of Heavy 



Ordnance. 



»» 



10 

10 
2 
2 

20 
2Q. 



It 



»» 
It 

.it 



I for every SO Qmts. 
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Pebsoknbl, etc. for a Battering Train of One Hundfed 
and Forty Pieces of Ordnaaice. 



PERSONNEL, ITO. 



GXTMNIBS, BTC. 

Colonels 

Lieatenant-ColoneU 

First Captains 

Bcoond ), •••' 

First lieutexuoits. ...:.. 

Second „ • 

Burgeons •• 

Seijeants 

Corpinrals 

Bombardiers 

Pronuners or Buglers .. 

Gunners 

Total. 

Dbivbbs, etc. 

Staff-S^eants 

Seijeants 

Corporals 

Buglers or Trumpeters . 

Wheelers 

Collar-Makers 

Coopers 

Carriage-Smiths 

Shodng „ 

Farriers 

Drivers .• 

Total. 

Field Teuh. 
Commissaries 



Assistant Commissaries. 



Clerks of Stores 

Conductors 

Total.. 

HoBSBS OB Mules. 

Riding .. 

„ Spare 

Draft 

„ Spare 

Baggage 



Total. 



OBtBATATZONS. 



nde " Exercise of Siege Aitilleiy" fior 
the detail of. Non-Conuqissioned Of- 
ficers and Gunners required tor the 
Serrioe of the OrdnaHoe. 

The reserve, to replace casualties, etc, 
is usually calculated on the basis of 
one man for eaidi piece of Ordnance. 
The basis for the laboratory duties is 
one man for every two pieces of 
Heavy Ordnance. 



6 Including a Master Artificer. 

6 

2 

7 



1 

3 

8 

8 

20 



1424 



( 1 for th< 

11 ■' " 

V * >» »> 



1 for the Shipping. 
Laboratcoy. 
Park. 



(Vide "Horses" for the distribution 
( to the several carriages. 



AUUITNITIOK, I 



(8-1 
nJ(Ba.i. lOTiiit 



' |HiiirF.( 



mo porlO-In. How. fc MorUr. 
1 «r Bl-Inth Morlir. 

t ., «4 ■■ ■' 

prrHciiiyHow.StMorUr. 
JtM) jd;D!i[Htitinii pDf 10 and 
(Hn.Konilicri Mortar. 



iMBolBd,-.. 

iFiUrd, Full Chirge 
„ _ JFnllCbga. 



Wddl 

Fiu«i,Coii 



BalU 

pgttAni, IdDe, Smill 

nj;-...."."':^'-.:::.:: 

Bins ijgbti |Gir Bignab) . . 



•ice Cluvgi, ucluiiis of 
CtrtrldgBiifumcli niuid. 

K per piem Hr, Ofiiiimrc. 

' per (iun, & loo w Hon. 
fKFmutd. Indudiog Uioit 

anciL fc ]-10 ipora norOim. 

D. lUn. p« SmiU Uorur. 

T euli QuDud HowilHr. 



I For evoiT 18 Bmndi. 



., sni.Hi(!*p»r.). 



„ Fl!o.,3.wnK8, . . . 
Wiler-BDcketa (LBBtberl. 
Bunjuer-Huda (Span).. 
aide-Ann savpa..,Bflta.. 

ladiHi ....'."..'"!!!'.!! 

HftEdtplkeB, Tm*aniBff, 
HBndirow Lenrm (fcfert) 

C»1llllU1l[SlfKt).... 

Julu { HandHrew). > - ' 

CUir-Hammns 

S^kes (Cdhuddo) .... 

„ (iDl.toinM.)} " 
Priming- Irozia ......s 

CutouDhea, Lwlhur . 



" 1 'r'l'C^b^-iS M^ 



, a»-Por.lU-lo.How.BiMM, 
aeh li-Por. B-Ib. SawMTion 



J Bnd R-Imh MoHin. 
; and 1 for f Howil- 

irtHow.Bnd 1-10 Spare. 
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Imi^eiients anv Stcuuei — CDHlinMi. 



IMPLEMENTS, ■ 



BllSnlwwn 



Weighu (4 lb. piles] 

OTUBt Tnimglfi 

Slooki, Tnble (Inn).. 

WinL, il'»llJ(»-In,)„ 
D.,-1..^ ( Treble... - 
B'°'l" ( Smgle.-. 
Kope (4i-Ia. tnnoill poll 

BlMks J ,jfl^^ 

(Single J S„ 

Ul., 

/Tbjt&I./^ " " 

J d:; i; 

Bo,.1 B., ., 



,. a BDwil£«>s uid Moi 

„ KLm.Howilierandl 

1 for ench HowlUet uid Unnir 

(2ll(TrM-FDr.,in-ia. How.Jil 
Dot avory 10 Fonder Barreli. 

ISctfurefsryaOODiinelsDrrDwder. 
for eTcirSHT., udlO Small UorUn- 

„ S&piBcmDrHnvTOrdnmo 
, CoajHeta III S Gjnt. 
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> Srong— continued. 



IMFLEMEKTS, I 



SpnnTATEi ....,.n)Lti 

Rittiue ., 

Surl, Shea. „ 

„ BUMer 

Inn [liiorudi 

Q™™ leg" 

HmUmu, MoMOtr 

Tin 

Hunrt-DiUa 

'T'"'wSd.'.'.v::;:::::: 

GnodstoDn.- 

," FBUing'vUe'.V.'.','"' 

Siin.Pil 

„ Crau-Cal 

., Eud 

„ aoten.PIt 

" raw, HI '.'.'. V.V.'. 

„ CrlMS-Cut 

ShialTaanei) ...'\'.'.'.'.'.'.'.'. 

Wnlmlllilti 

Hslr-ClalhB 

TmpaoliDi, 30 f«t bj- 15 feet. 

',', H I) '" '<■ 

Hone-SboH Mb 

HorK-Shoe Hallt «t> 

PurkPlckm 

WoodHmnli 



imty idngle JJ ona Hi 
ncfaKtofSbou. 
SiuurieHone Ban 
lOpi^Dlik 
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UiPI.EMENTS, 11 









I Elm I '.-^■(■"P«*i-i ' 



GraUs {toi Hcn^E SI 






WsggDmjForBB 



j Wing,. 
HoDdflpikes, Con 



30(13 rorFBi:1iii!«eDfHT.0rdiiuui 
lfi'lf<)ra,ll!-Fors.Jl8-iii.HD'IU<l 
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Implements and Stores — continued. 



IMPLEMENTS, etc. 



I 



OBSSBrATtON-S. 



Azletrees 









rkxietree'Arms (Assorted) 
i^pokes (AsBorted) .... 

FeUies „ 

Shafts „ .... 
Splinter Bars „ .... 
Guides, Fore 

„ Hind 

Shaft Bars (Assorted). . 

Underpoles 

Naves 

Tail Pieces 

Sweep Bars 

Iron: Tyres 

Laboratory Tents 

Hides, Stout. • 

» light 

Bazils (Assorted) 

Webb, Girtti ..., 

„ Surcingle ....• 

Serge (Pannel) 

Dpe^s or Carled Hair. . 

( Hemp 

Thread -j Collar 

i Dutch 

Buckles (Assorted) .... 
Nails (Collar-Maker's) 
Tacks 
Bristles. 



>» 



Needles (Assorted) . . . 

Whipcord 

Tin-Pans (Oil) 

WaK, Black 

„ Bees' 

Oil, Neats' Foot .... 

Tallow 

Collar-Maker's Tools 
Wheeler's „ ■ 

Carriage-Smith's „ 
Shoerng'SniCb's „ 
Coopera ,» 



5 

3 

3d 



70 
25 
12 
12 
29 
10 
10 
10 



42 

70 

210 

42 

28 

28 

42 

7000 

7000 

7 

1400 

21 



42 
14 
21 
14 

4 

812 



\ 



n 
n 

>» 






ft 

»» 



»» 
U 
tt 



>» 



l.tar every 10 Gam and How- 
itzers, with Wood Beds in 
propoortion. 

1 tar every 10 Carriages. 

1 for each Spare Whed. 
1 

1 for every'5 Carnages. 

10,— 4-wheelCaniages 

1 „ 20 

I » 10 

1 for every 10 Flanders Waggon. 

I » 10 

lofl „ 10 

E qual i mat fbr repairing wheels 
I for 20 pieces of Hy. Ordnance 
1 for 100 sets of single Harness. 

1 „ 200 „ „ 

2 doz. for each 100 seta 
100 „ 
100 
100 
100 
100 
100 
100 
100 
100 
100 
200 
100 
200 
100 
100 
100 
200 
100 

1 for 25 pieces of Hy. Ordnance. 
" 25 
25 



5 

14 

7 

28 

1128yds 
3 






»> 
6 „ 
15 lbs. 
3 
2 

2 » 

3 doz. 
500 
500 
lib. 

too 

3 lbs. 
2 
3 lbs. 

i » 
3 galls, 

I lb. 



>» 
»} 

n 
t> 

»» 
»♦ 
»i 
»» 
»» 
>» 
ft 
tt 
ft 
tt 
ft 
ft 
>» 
»> 



»» 



it 
tt 
tt 
ft 
tt 
»» 
tt 
)i 
tt 
tt 
tt 
ft 
tt 
ft 
tt 
tt 
tf 



ff 



tt 
ft 

tt 
tt 
n 
tt 
tt 
tt 
t> 
tt 
>» 
>» 
tt 
tt 
it 
tt 
n 
tt 
it 



tt 



On 



tt 

ft —" tt tt *, 

1 Set for 50 sets of single harness. 
I ^, SO pieces of Hy. Ordnance. 
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The proportion of ordnance, ammunition, and stores 
required for the defence of a fortified place, depends, 
not only on the particular situation of each individual 
fortress, and its relation -with the surrounding country, 
— ^the system according to which it is fortiled, — and 
the species of attack which it may be possible to open 
against it, but likewise, on innumerable minor circum- 
stances, each of which may exert an imppiftant influence 
on the defence. 

If one or more of the fronts of a place, be covered 
by an inundation, a marsh, or by any other impassable 
obstacle, it will manifestly require a much smaller 
proportion of artillery, for its defence, than if all its 
fronts were equally accessible. A maritime fortress, 
on the other hand, which is susceptible of attack both 
by sea and land, will require a larger proportion of 
ordnance supplies, than if it were accessible from only 
one of these points. 

It is obvious,. therefore, that no unvarying and defi- 
nite rules can be laid down for the arming of fortified 
places. The onfy plan that an officer charged with 
this very important trust can with safety follow, is — 
after an attentive study of the nature and disposition of 
t^e works, and their relation with the surrounding 
country— to recur to those fundamental principles npon 
which a scientific attack and defence must be invariably 
founded ; — to weigh maturely every circumstance 
that can, in any degree, influence his own,, or the 
beseigers' operations; and to take into his consideratioo, 
not only the minutest details of his own particuW 
branch of the service, but also, those operations of 
the defence, in which the other troops of the garrison 
are. to bear their part; so that every supply may be 
adequate to its intended purpose, without su^nLxyiV^ 
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on the one hand, or deficiency on the other. By these 
means, two extremes, equally prejudicial, will be 
aroided,— the one, of making a proTision insufficient 
for the defence which the place is capable of sustaining, 
— ^the other, of providing such a supnl;^, that on its sur- 
render, a complete arsenal would udl into the enemy's 
hands. 

General Principles Applicable to the 
Arming of Fortified Places. 

1. The nroportion of ordnance,ammunition,and stores, 
provided for the armament of a fortified place, should 
never exceed the ouantity absolutely necessary to a 
brave and resolute aefence. 

Consequently — 

2. Those fronts only which are considered susceptible 
of attack, should be completely armed. 

3. Each of the faces of the bastions, of these fronts, 
will require from 5 to 6 pieces of ordnance ; — each 
of the nanks, 4 pieces ; — and each of the faces of the 
ravelins, from 4 to 5 pieces. 

4. If the works be covered by lunettes, 4 pieces of 
ordnance must be reckoned for each of them; — and 
from 2 to 3 pieces for each of the places of arms of 
the covered-way. 

5. The remaining fronts must each be provided 
with such a proportion of its full armament, as will 
secure it from insult. 

Supposing therefore, that only one front of attack, of a 
place fortified accoidmg to Yauban or Cormontaigne, is U> 
be cQiQplelely armed, the following will be the proporition 
of artillery required for that purpose : — 
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For the 4 Atces of the 2 bastions, .20 to 24 pieces 

2 interior flanks of these bastionsi . . 8 „ 8 „ 

4 fkces of the ravelins, 16 „ 20 „ 

5 places of anns of the eorered-way,. .10 „ 15 „ 

Total for«ne fixint of Attack, . .54 to 67 pieces 

6. If the place be liable to attack on two consecutive 
frcmts, this proportion must be encreased one-half;^ — 
if on two detached fronts, it should be doubled. 

Thus, it will appear, that on these principles, a 
hexagon having only one of its fronts exposed to attack, 
reouires from 70 to 87 pieces of ordnance for its 
deience, and that, for more extensive places, from 6 to 
8, or at most 10 pieces, should be added, for each 
additional front. 

Calibmb of the Ordnance, and Relative Propob- 
TiONS of the Several Natures to each other. 

Guns : — Of the whole number required : — 

34.PoiinderB •{■ 18- Pounders \ 

12 „ * 6 „ i 

Howitzers : — One for every four guns : — 
8-Inch i 5i-Inch f 

Mortars : — ^Two for every howitzer: — 
lO-Inch i 8-Inch | 

5i „ i H » i 

Basis, on which the Supply of Artillery Ammu- 
nition FOR the Defence op a Fortified Place 
IS usually Calculated. 

Ouns : — ^34-Pounders • • . . 600 Rounds per Gun. 
18 „ .... 740 
la „ .... 900 
. .6 „ ....1050 
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Howitzers :— B-Inch. ... 660 Rotmdg per Howitecr. 
6J „ .... 610 „ „ 

Morton : — lO-Inoh. • . . 450 Bounds per Mortar. 
8 „ »...600 

*J2 tt • • • • Vfv 
4t yj .... 4UU 

« .■ 

Application OF Art ills rv in the Defence of. 

Fortified Places. 

The objects to be obtained by artillexy employed in 
tbe defence of a fortified place, are, to tbxow bad^ 
particularly at the comnoenoement of the sieffCi the 
enemy's operations to the ffreatest possible distance 
fh>m the woiks^ — to combat his batteries, — to protract 
the progress of the approaches, — and, finally,' to en- 
counter, and endeavour to overwhelm the assailants in 
their efforts to forde a passage through the breach. 

The instant it is ascertained therefore, that the 
enemy is in motion towards the place, preparations 
must be made for the reception of the investing corps. 
The barbette batteries, established in the flanked 
aneles of the bastions, and ravelins, must be armed, 
and a proporfion of the light guns an^ howitzers Urast 
be placed in the outworks and covered- way. The 
heavy mortars should be distributed among the several 
bastions, and the remainder of the ordnance should be 
placed, in reserve, behind the curtains. By this ar- 
rangement, the whole of the barbette guns, and the 
guns, and howitzers in the outworks and covered-way, 
will be in readiness to act in any direction, that may 
be required, till it is discovered against which front 
the enemy has determined to direct his attack. In 
the first moments of the investment however, the ar- 
tillery of the place should not, by a useless expendi- 
ture of ammunition, endeavour to disturb the besieger's 
operations. It is only when his dispositions evince an 
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intention to undertake the dege in earnest, that the 
fire of the garrison should he opened upon him« 

Ground being brolcen, and the investment com- 
pleted, a new disposition of the artillery of the place, ' 
must be made. The enemy's modons should now be 
closely watched, and, should they indicate the posi- 
tions cliosen for his first batteries, the fire of every gun, 
howitzer, and mortar that can be brought to bear on 
them, should be opened ou those points. The mortarsi 
which had heretofore been fired at low an&rles, should 
now also fire at greater elevations, but at alltimes spar- 
ingly ; and, towards evening, the requisite steps must 
bo taken, to insure a constant, and powerful fire during 
the night, on the enemy's position generally, but ear 
\j on his communications with the rear. 

As soon as the enemy's first batteries are fairly 
established, and armed, the guns en barbette must 
be covered by merlons, platforms must be laid, and 
the embrazures occasionally masked. While this work 
is carrying on, the situations of the guns should be 
changed, and their fire directed on other objects. 
By practising this manceuvre as often as opportunities 
offer, tiie enemy will be obliged to change his dis* 
positions, and time will tiiereby be gained by the 
besieged. Should the besieger, as is sometimes the 
practioe, open the fire of his iMttteries one after another 
as ther are established, and armed, instant advantage 
must be taken of his error, and every exertion must be 
made, to crush them in succession, by a concentrated, 
and rigorous fire. 

The next step of the besieger — ^his batteries being 
now in ftiU operation — will be to push forward the 
approaches to the second parallel, and, in order to 
meet him, the fire of the place must be spread over 
all parts of his line of operations. Having comple- 
ted this parallel, he will next endeavour to debo^kok 
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from it, and commence the constraction of tlie demi* 
parallels. To counteract these efforts, the fire of the 
garrison must be concentrated on the heads of the 
saps ; and the small mortars — arranged in the places 
of arms, and branches of the covered-way — must be 
brought into play, with all possible activity. 

As soon as the demi-parallels are established, and 
armed, the guns, and howitzers in the corered-way 
must be withdrawn from it, to the ditches, if dry, to 
the ravelins, or to other favourable situations ; and by 
degrees, as the enemy advances, to the body of the 
place. Embmzures must now also be prepared in ^ 
flanks, in the curtain, which joins them, and in those 
parts of the faces of the bastions which command the 
ditch of the front ravelin. The whole of these bat- 
teries milst be armed, in readiness to open their fire 
the instant the enemy attempts to form a lodgment, on 
the crest of the glacis. 

The besieger, having completed his third parallel, 
established himself, on the crest of the glacis, effected 
a descent into the ditch, and commenced the construc- 
tion of an epaulment, to cover and protect his approach 
to the foot of the breach, a last energetic effort must 
now be made to arrest his farther progress. The whole 
of the mortars must be brought into play; — a powerful 
vertical fire must be opened on the lodgment, on the 
communications with the third parallel, and on the 
returns of the saliant places of arms of the covered- 
way; — an incessant fire must be kept up, on tiie 
epaulment and the debouchee from the countev- 
acarp; — loaded shells must be rolled over the pa- 
rapet on the heads of the sappers ; — and the instant 
the enemy's columns advance to the assault, grenades 
powder-bags an4 every other oossible description of 
missile, must be showered on tuem from all parts ef 
the works. 
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CoHPosiTioif of an Artillery 
Defence of a Fortified Place. 



Armamskt for thtr 



OBDICANCE, STC. 



Obsbbtatxoks. 



Orimiakcb. 
( Si-Pounders 

o»»» ] il :: 

( 10-Inch.., 
Mortars i |i" '"' 

I 4j:: :;: 



Carbiaoes. 



Gun- 



18 

12 

6 



Howitzer 



» 



n 



i* 



Mortar-Beds 



1 6i 

{ 



f Garrison 
(.Siege ... 

(Garrison 
1 Siege .. . 

f Garrison 
(Field... 

(Garrison 
|Si^;e... 

(Garrison 
» (Field .. 

Iron 

Wood 



8-In. 



r Large 
Devil-Carriages ] ^ ° 
( Small 



»««» {s3 



Carta 



I Sling 



Hand(AmmQnition) 



12 
12 
24 
12 

5 

10 

6 

12 

6 

6 



In estimating the lelatire propor- 
tions of the several calibrea, it 
must be rememjbered that tlie 
higher rates are not the only da* 
scription cavMible of being eoDk- 
ployed to advantage. Medium 
guns in many situations oppose 
an equal resistance with the hea- 
vier natures: — ^the^ also con- 
sume less ammunition, and en- 
able the besieged to keep up b 
more determined&incessant fire. 



3 for every 2 Guns and Howitzers, 
if the means of repairing aed- 
dents are provided. If not, 4 for 
every 2 Guns and Howitzers. 

The proportion of Siege and Field 
Carriages, allowed, is usually I 
for every 2 Guns or Howitzers, 
complete with Limbers, etc. 



Platform-Waggons 



1 for each Mortar. . . . 
7 for every 6 Mortars. . 

V ] for every 6, 24, & 18-Pounder 
( and 10-Inch. Mortars. 

1 for every 6, 12-Founder8. 

V 1 for every 4 Small Mortars. 

' ■ ■ . • • ■ 

1 for every Ifi pieces Hy. Ordnance. 

2 for each Battery. 

1 for every 7piecies Hy. Ordxtaxk!^. 
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Detail ^ a Propobtion of Artillevt Ammunitio!! 
for the Defence of a Fortified Place. 



AMMUNITION, KTC. 



OBSEETATIOirS. 



Bound 



1 



M 
»t 



Shot 



Case 



24-Potuider. . 
18 
12 
6 



Potmder 
18 

rrier-j^g 

I 8-Iiicli 



n 

it 



■Spherical 



it 
it 



0540 S45 Sounds per Gun. 
8100 



675 
19800 825 
965 



.34-Por. 

18 

12 

6 a 

8-lDch 

*^ ti 

^Pirnnd (Rd8. 100 in each) 

Wood Bqttoms 
Grenades^ Rampart 



11580 

940 
300 
790 
4S0 
300 
900 

420 

480 

1080 

600 



ti 



Hand 190000 

1800 300 per Mortar. 



Shells 



( 10K[nch..... 

\ «i' ••■ 

t H» 



Light-Balls 

Rockets (for Signals) 

tTKr-w jWholeL.G. 
Gunpo\%der J ^"*- JHalf F. G. 

(.Mealed 



Serge ....yds 

Worsted lbs. 



1200 
2700 

2700 
4300 



20 
25 
30 
35 
60 
00 

35 
40 
45 
50 



750150 



a 
a 
tt 

t* 

tt 

tt 

It 

tt- 

>»• 

it 
tt 
ti 
tt 
tt 
tt 



tt 
tt 
tt 

tt 
tt 
tt 
tt 
■t* 
■»» 

tt 
tt 
tt 
'» 
tt 
it 



ft 
tt 
n 

«* 
■it 
tt 

it 



Howitzar. 



tt 



Gui>. 



tf 
tt 



Howitzer. 



>*. 



tt 



120 

150 per 10 and 8-Inch Mortar. 

1 for each Bound of lb. Shot 



7650 



450 



6400400 
2400400 



Wads 

Fuzes, Common ". 

„ Spherical ...... 

Portfires^ jK)ng Small ". * 
M . Blue Paper . . . 

Slow-MatciiC' .' .' *. '. '.' .' *\ . .. .lbs, 

Qnick-M^tpb 

Flints...... 



675 
100 
3480 
210 
105 

10053 
85 

3068 



• a f • . «•> 



15 



tt 

tt 
tt 

tt 



tt 
it 

it 

tt 



and Hoiritcer. 



M 



it 



f Calculated at the FuIlCharge 

( for each piece of Ordnaiioe. 

1 lb. for each piece of OrdnaoM. 

to 

un 




1 for every 15 Hds. Bound Shpt 
26750 7 fbr every 5 Shells, 
6795 6 „ 4 „. 

3!^ I 1 for every 15 Bounds. * 

90066 6 for evenr 5 Bounds. ' 
2635 25 for eacuk piece of Qrdnanop. 

106 1 ,, „ . • • „ M 

1500(20 for each Look, m A,<\iou. 
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Implements and Sto&es for the Service of the ArtiUefy 
in the Defence of a Fortified Fla^e. 



IMPLEMENTS, btc. 



n 



Sponges and Bammera .. 
Staves (Spare).. 
Hesds )} 

f, Caps 

Bammer-Heads (Spare).. 

Wadhooks 

Ladles 

Handspikes, Conunon .. . 
„ Traversing . 

LintatDcks 

Tube-Pockets 

Portfire-Stioks 

„ Cutters 

Priming-Irons.. . . ... .sets 

Tent-Punehes , 

Spikes, Common ..... 

Gunlocks 

Thumbstails 

Powder-Homs 

,, Measures.... sets 

Fuxmels, for Shells 

„ „ Loading. . . . 

Quadrants 

Perpendiculars 

Jacks, Handscrew 

„ Lifting 

Fuze Benches 

Knives 

Angers 

„ Engines 

Compasses pah-s 

Diagonal Scales .... 

MaUefes 

Setters (Assorted) .... 

Basps.J-round 

Saws (Tenon) 

„ Setters 

Piles, 3-sqtiare 

SheU-Scrapers 

„ Hooks (Hand) 

^" ^* Jr?S"' 
CartoucSies, Wood 






tt 



Leather, 



I 



175^ for everj 3 j^eces of Ordnance. 
3I0f2 for each piece of Ordnance. 



105 

176 

30 

76 

12 



176 
210 

106 

210 

210 

90 

107 

126 

21 

21 

18 



1 for each Spunge. 

1 for each Heavy Gun and Howitser> 
6 for every 4 Guns. 

Ifor „ 6 „ 

10 for each Siege and Garrison Carrtege. 

2 „ Field Carriage. 

3 „ Combination of Batteries 
6 for every 3 pieces of Ordnance. 

2 for each piece of Ordnance. 

Combination of Batteries, 
piece of Ordnance. 



263 
263 
18 3 
602 
105 



OBSSBTATiOMa. 



tt 
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n 
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6 for every 6 Guns and Howitzers. 
3 for every 2 pieces of Ordnance. 

I „ 6 

1 ,, 6 

1 for each Heavy Mortar. 

2 for each Mortar or Howitzer Batteiy. 

* a it 

2 for each Battery. 

2 
3 
2 
1 

1 for every 2 pairs of Compasses. 

3 for each Fuze Bench. 

6 

3 

2 

I 

I »» »♦ 

for every 6 Mortars and RowitEers. 
„ ^ 8-In. Mor.&Howitsers. 
„ 2 10-Inch Mortars, 
for each Gun. 
1 „ piece of Ordnance. 



»» 

M 
ii 
ti 
ti 

a 



a 
a 

Bench. 
» 
it 
»i 



It 

>» 

a 
ii 



■ »» 
it 

Saw. 



it 



it 



AEX. 



Implements and Stores— c<m(tfttfei. 



IMBLEICBNTS, etc. 



I 



QBSEBTATIOirf. 



Budge-BaireU ..<...... 

Hammenh Glaw 

,, Stodget 

„ Wrench 

Water-Bnekete 

Crow-Bara ^ . . 

Beams and Scales 

Weights 

Steelyards «... 

Adzes. .^.(Copper) 

Driven „ 

Vices „ 

Can-Hoolu „ ,.... 

Capstans 

Blocks and Tackles 

Oyns, Triansle 

,, Gibraltar 

Blody, Tackles, Falls, etc 

, 4-Inch.. coils 

(*-»*{ I ;; :: 
^of*] .liA ;: 

I Wlihe \ i " " 
i « » » 

^s » » 

Spanyam » 

Batline „ 

Oakum or Jonk cwt. 

Iron, Flat 

„ Square 

« Bod-V 

„ Bound. ....... ..>.«. 

„ Booping 

„ Sheet 

Steel, Sheer ) ^ 

„ BUster J "^ 

Blacksmith's Tools 

Coals c... 

Charcoal 

Lanterns, Muscovy 

« 5"^ 

» Tm 

Candles 



90 2 for each Jtf ortar and Howitaser. 
lOSjl f , piece of Ordnance. 
1 for every J> pieces of Ordnance, 
n »» 1^ >» n 

* t» «' »» f» 

1 . „ 5 Mortars. 

1 Pile for each Pair of Scales. 

711 for every lH piecesof OrdAanop 



21 

7 

107 

21 
6 
6 



\ 



2 Sets foreadi Magazine* 



6 

6 

6 

SO 

3 

4 

4 

5 

15 

15 

13 



15 

60 
1 



Complete for 3 Capstans. 

2 for each Battery. 
Complete for the No. of Gyns. 



1 for every 4 Guns. 
4 



» 



tr. 



\ cwt. per Gun. 

1 Sheet per Gun. 

l-15th the Quantity of Iran.,^ 

5 Sets, for every 4 Smiths. 



2for each Battery, and I Spare. 
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Implements and SrornxS'^^imiinuedi, 



IMPLEMENTS, rrc. 



OBSEllVATIpiVg. 



Hand-BftrrawB -. 

Wheel „ ». 

Spftdes 

Shorels «. . 

Felling Axes, i *. 

Pickaxes «. 

Hatchets 

Haod-Bills 

Sairs, Cross-Cat 

„ Hand 

„ Ht..., 

„ Setters 

Mason's Levels 

Rammers, Earth 

„ PavSours 

Carpenter's Too^ ........ 

Nails, Spike 

„ (of Sizes) Assorted. 
Oak, Plank 

„ Skidding 

„ Sleepers 

Baulks, Pine 

Deals „ 

Wadmiltilts 

Tarpaulins 

Hair-Cloths 

Tanned Hides 

ShotGuages 

Callipers pairs 

Grates (for Heating Shot) . . 

Fire-irons and Shot-Bearers 

Laboratory Implements. . . . 

„ Stores & Materials 

Collar-Maker's Tools 

Hides, Stout ..\ 

» Light, 

Bazils 

Thread, Hemp 

„ Dutch 

Twine 

Nails 

Tacks 

Buckles (Assorted) 

Bristles 



461 

1892 

881 

ml 

Sfl 
26 
S6 
11 
35 



1 

I 
1 

1 
611 



6 



per Batteiy. 
„ Mortar and Howitserw 
>, Oun, & Hy . Mor. & Howitzer. 
»»■ Jt ■ >» ••,» 

for every 4 pieces of OrdMoio^ 

t " 

4 
10 

3 
20 

7 Saws, 
for each Battery. 



»» 

n 
>t 
»» 
*i 
■»> 



i* 



» 



■>»■ 



Sets for every -4 Carpentera. 



Sufficient to lay 3 PIatf6rms Sue 
every 2 required, and Airther 3 
months consumption for general 
purposes. 






1 Set for each Magazine. 



1 Set for every 6 Guns 

1 for every 5 pieces of OrdnsDoe* 
I „ each Battery. 
1 Set for each Grate. 

Vide Cartridge, Fuze, etc 

5 Sets for every 4 Collar-Makers. 



2 Months' CdnsiimptiohV 



ABT. 



BMENTS AND STOVB9'-*€OfUiimetU 



FLBMBNTS, BTC. 



I 



Obsebtatxoivs. 



88 .... 

Bkok 



r 

eifiBfoot. . . 
or's Tools. 

M 



.pain 



I, 



>(Wood) 
(Iron).. 
Beds.., 

s, Large ... 
Small ... 

Bads 



ting Screws 



kxm Staples 
a 



n 
n 
»} 



r SpO^e 

Clasp i 20 

_ Tacks 

oeSpikra 

Bins (Spare) 

tona 

ILprcms 

LookCOTers 

dneSUppers 

Brooms, Long.... 
), Short. . . . 

akins 

t8,i-Bashel «... 



21 



mer's Tools , 
ilfh*8 

IT'S 



it 



■ 2 Months' Conwimption. 



5 Sets for every 4 Wheelers. 
~ for every 5 Carriages. 

»♦ »» * »» 
) ff each Carriage. 

n 



„ every 4-wfaeel Carriage. 
4 Carriages. 

3 „ 

4 „ 

Garrison Carriages. 
6 
6 
6 
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tt 



tt 
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for each Canriage; 



tt 



1 Set fbr each Field Carriage. 



2 Months* Consumption tea the 
Wheelers and Carpenters. 



1 for every 5 pieces of Ordnanee. 

2 for each Carriage. 

5 for every 4 pieces of Ordnance. 
i tt tt 4 
5 »i u 4 



90 
90 



I 



tt 






2 Sets fbr each Magazine. 



fbr each Mortar and Howitzer. 
5 ff „ Heavy Mortar. 
2 „ ,» Platfonu. 
1 Set for each Armoorer. 
1 „ „ Tinsmith. 

1 >. n Cooper. 
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;tET REE.— Corf K^, — WhtiL 

Weight and Uimranons aC Ailetrces for Held, Segc, 
and TiaDBportliig Cairiuci'S. 






1 


Ku^t-^m. 


i 


SMALI,ARUS. 


I'nand, 


Cwt. 












^ 




1 


=s 




Inches. 


k 


i 


^ 


So. 














3i^ 


CBrt>lne,HifleBor<... 


■60 


^ 


17-0 


«3« 
IBM 

ISM 


IWM 
1339 




■M 


1** 


170 


IMS 


1»M 


30^ 


„ ruienilSMI.... 


PUU.l,Mu«iurtBo™ 


Z 


am 


I7J 


^ 


ISS 


39,MI 



About 1 lb. of Ind in 28 U lost in cudng. The 
balli are packed in boxes, each containing 1 cnt. 

In castiDg tbe balls, the only points lequiiing 
paiticnlar attendon, are: — 

1. That the lead be not raised to too hish a 
degi«e of Iteat, but only to such a state of fluidity 
as vill allow of its lonning beelf into the moulds, 
and, 

3. That the moulds be dipped in watei to cool 
them, after erei^ dosea casts. 



Tlie implements required, aie: — 

Melting Poti . : 1 | Moulds 

Ladlai 3 Nipping Engfnes.. 

Flyeittpaiit .. I \ Walei Tabs 

Shot Boxes. .If 
Z 2 



BAL. 

With these implements^ 2 men can cast about 1 ton. 
of lead in a day, and 2 experienced boys will nip 
2 cwt. of balls— one of them taking the instrument in 
the morning, the other in the aftmoon. The day is 
reckoned at 10 working hours. 

Weight and Dimensions of Leaden Balls. 

The weights and dimensions of these balls may be 
computed by means of their specific gravities, but still 
more readily by the following rules : — 

1. Te find the Weight of a Ball^ iU Dkmmter being 
knotpn, 

A leaden ball of 1 inch diameta weighs A of a 
pound; therefore — 

As the cube of 1 is to -iV> or, as 14 is to 3, so is 
the cube of the diameter of any other ball to its 
weight. 

The diameter of a ball being 6*6 inches, required its 
weight! 

Here, 14 : 3 :: 28-7496 : 61-607 lbs. 



The diameter of a ball being -^^ of an inch, required the 
number that can be made from 10 lbs. of lead f 

Here, 14:3:: (5j)'-^eOOO^ 
And, 3 : 896000 :: 10 : 2080667 Balls. 

2. To find the Diameter of a. Ball, its Weight being 
known. 

Multiply the given weight by 14, and take, the .cube 
root of t of the product for the diameter. 

The weight of a ball being 64 lbs., required its diameter! 
Here, ^?l|-liy = (396-67)* « 6-684 inches. 
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8a rrbu. — Bridget, tte. 

Weleht und DlmenBlona of Powder Barrels, Pilled and 









WplgliVi. 




BASfiELS. 


f 


1 


i 


i 


1 


1 




^ 




1 








Watolight. Whole 


1-7*0 


ISM 


1-4M 


3S^ 


lifrM 


i*ii 


Hslf 


1'417 


l-OOD 


laa) 


sate 






Whole, Copner-HoopuJ .. 


1-7B2 


i-ses 


I'm 








ITBS 


I'OR 










HBlf, Copp"vHoo^ ..'.' 


l-Sff 


i-oa) 


1-M7 








., H«l 




l-OW 


1-1 fl7 








anaiUr, Copper-Hooiwil . 






-BBS 








IlHiIe ., .. 












i^fi 


B-lg=,&W^-B»^., 


^5 


■OM 


S^ 


Ifl™ 


S™ 


^5 



The contents given above are only nine-tentbs of 
the actna] quantity that each barrel nill contain. 
The odd tenth is omitted that the powdei may be 
fh«h»n, nhioh tends much U> ita preserratiDA in 

Contents >nd Capacitibs of Casks. 



greater oi leas degree of bulge, and to compute the 
bulk or capacity of each by a. Beparate rule. To 
entw into tbue mlnutin in a worlc oi this descripdon, 
would oocupy mon space than the importance of the 
subject would jostify ;— the more especidly as the 
fDllowioK genial rules' aie sufficiently accurate for 
ftD piscfiia] purposes. 

1. TaJbidAtMaffnittuUctBitaiofaCaik. 



BAR 

product for the bulk or magnitude. That u 
(a.D» +d») X f Lii=«»C.— 

D, d, diameters at the bung and head ;— n, *7854 i—L, 
length of the cask ; — and C» its bulk or magnitude. 

The length of a cask being 4 feet, and the head and bung 
diameters 26 and 83 inches respectiTelyy required its bulk 
or magnitude! 

Here, (S. Dx + dt) x |La = 39684-6000 = S0-7A6 Cobiclbet 

2. Tojind the CmUeni er Ctipaciiy of a Ctuk. 

Compute the balk in cubic inches^ by the preceding 
rale (using the interior dimensions of the c$ak% and 
^vide by 277*25 for the content or capacity in gallons. 
That is— 

(2.D« + d')x iLn _^_ 
277-35 

The interior length of a cask behig 45 inches, and the 
head and bung diameters 24 and 30 inchea respectivelj, 
required its content or capacity f 

^"•' m^ ^ttW - *"^" ®*"**^ 

3. Tojind the Buoyancy of a Cash. 

Multiply the bulk by the. specific parity of water, 
and finom the product subtract the weight of the cask. 
The remainder will be its buoyancy, or the weight 
which it will support without sinking — That is. 



(G. (2. D* + d« X J Ln)) — W« 

G, specific gravity of water; — W, the weight of the 
cask ; — and % its buoyancy. 

The head and bong diameters of a cask behig reapectiyely 
1*25 and 1-45 feet; its length 1-75 feet, and its weight 
35*25 lbs., required the w^^ it will support without 
smkiug? 

Hero, (g. (2. Oi + da X I Ln)) — W = tlOi-lSlO = Itt^BOSIU. 
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Baskets. — ArHllery, — Bomb Vessels, — Mines, etc. 

Ballast i bushel I Weight 5 lbs. 

Depth 1 foot I Diameter 1 foot 6 inches. 

Batte BY. — Artillery, — Fortijication, — Platform, etc. 
Batteries receive different denominations accord- 
ing to the nature of the ordnance mounted in 
them; — their localities; — and the positions which 
they occupy with reference to the objects against 
which they are directed. 

iSitin ltotterte0. 

The Length of the Epaulment depends upon the 
number of guns which the battery is to contain : — 

Epaulment^ — 

Lengtii, for 1 Gun 18000 

Interior height 7*000 

Exterior „ 6*334 

Thickness at top 18*000 

„ „ bottom 35*000 

Base of Interior Slope 2*000 

„ Exterior „ 5*000 

Berm, — 

Breadth 3000 

Ditch,— 

Depth 8000 

Breadth at top 17*500 

„ bottom 8*500 

of Interior Slope .. 4*000 

„^ „ Exterior „ . . 5*000 
Embraznres, — 

Width of Interior Openmg . . 1*667 

„ „ Exterior „ ... 9*000 

Height of the Sole 2*667 

Slope „ „ 1*500 

Cubic feet of earth, for 1 Gun . . .2157*000 






15*000 
7*000 
6*334 
15*000 
20-000 
2000 
3*000 

2*000 

8*000 
14*834 
7000 
3*000 
4*000 

1*667 
7*506 
2*667 
1*334 
1457*000 



The first of these profiles is calculated for the worst 
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descriptioii of khU— 4]ie secoad, for earth of gietter 
tenacity, or for batteries in confined situations. 



](otitt|tr Sottmci. 

Howitier batteries, with the exception of the em- 
brasuresy hare precisely the same dimensions as pu 
batteries: — The interior openings of the embraznre 
of howitzer batteries are made 2 ieet 6 inches wide 
and the soles are connteisloped inwards^ at an angl* 
of about 10 degrees. 

Observation. — If the situation of a batteiy wil 
admit of its being sunh, so that the sdea of tlie en 
braznres may coincide with the Icrel of the ground, 
great advantage will be gained, and much time an 
Ubour saved in its construction. In batteries withoi 
embrazures, this method may almost always be adopter 
and in some situations it is absolutely necessary,] 
or^ to obtain the earth required to form the epan 
ment. When a battenr, for example, is to be coi 
stnM^ed on the crest of me glads, or on the edge of tl 
counterscarp, there can be no excavation except to tl 
rear. 

^EUrtor Ssttmci. 

Mortar batteries, having no embrazures, reqm 
larger quantities of earth for the formation of the 
epaulments, than gun or howitzer batteries. 1 
obtain these additional quantities therefore, 2 fe 
must be added to the breadth of the ditch of 
mortar battery over and above the dimensions est 
blished for a gun, or howitzer battety having embi 
zures. These dimendons, — ^the mortars being plao 
at the same distances apart as the guns or howitzers 
will gire for the first profile 2457 cubic feet of earl 
and for the second profile 1738 cubic fiset per morU 
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If the mortars be placed at the undermentioned 
distances from the foot of the epaulment, they may he 
fired at the corresponding angles of elevation. 



10 Feet. • . .45 Degrees. 

Mt£ ff . • • • OO yy 

14 ff • ■ • mWj ^f 

17 „ ••.,25 „ 



19 Feet. • • .20 Degrees. 

oU ff • • • • lO )) 

OO fy • • • • 11/ yy 

OU 11 ...ad 



When the guns are not to act against any particular 
point, — when the enemy can attack in any direction, 
— or when the battery is situated on higher ground 
than any which he can possibly occupy, so that the 
greater part of his shot must pass aboTe it, the 
guns should fire en-barbette — that is to say, over the 
epaulment. Mounds of earth must therefore be raised, 
in rear of the epaulments, to a height just sufficient to 
allow the muzzles of the guns to be run over their 
crests ; or, when a battery is to be sunk, these mounds 
must be marked out before breaking ground, and the 
earth to form the barbette, left undisturbed. 

Coast ItotteirCes. 

Coast batteries generally consist of a simple epaul- 
ment, without much attention to the dimensions of 
the ditch. They sometimes have embrazures, but 
more generally the guns are mounted on traversing 
platforms, and in this case, they fire over the epaul- 
ment. 

Military writers in eeneral prefer low situations for 
these batteries. M. de Gribauvale says, the height of 
a battery of this description above the level of the sea, 
must depend upcm its distance from the principal 
objects that it has to protect, or annoy ; and that the 
shot, to ricochet widi e£fect, should strike the water at 
an angle of about 4 or 6 degrees at the distance of 200 
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BLU. 

of tke kno^ At «U^ k is irtf.aJiiii lioAtke 
OB ^ tenc^pkiii, skouM be eovctvd fraa the 
ijfs fire. iMse tvo poiati Wuur aseertune^ 
the fnfcr height aaj be detenuwd hr a si»pW 
cakwikny or pnctkeBr b j the SaUowi^fi «ttST pi^ 




The horiioiilal bwed t hB of the aema l slop«s 
beiBg tnccd apon the gRNind, let a maa place hua- 
self upon the line over whidi the cicst is sapjposed 
io paB» and there erect a huur staff: — at the same 
time let a second man, piovioed with a staff 6 feet 
long, jAmcc himself in fine with the fonner, and the 
object, and as &i in the rear of the intended crest, 
as it is desired that the ground should be defiladed, 
or placed nnder corer from the eoemj^ fire, and 
there erect his staff. Then pUcing his eje on a leiel 
with the top of it, he most oibseanre w£ere the line 
of sightpassing orer the hostile object, cuts the first 
staff. The point of inteisection thus obtained, marksi 
the proper height to be given to the epanlment 

The epanlment being constnicted with the mate- 
rials pnicored finom the ezcaration of the ditch, it 
fcdlows that the sofid content of the one, must W 
just equal to that of the other. Therefore, to de« 
termine the breadth of the ditch, divide the super- 
ficial canteut of a vertical section of the eoaulmeut 
by its proposed depth; the quotient will be the 
mean breadth, to which add half the sum of the 
horizontal breadths of the two slopes for the breadth 
at top, and subtract the said half sum for the 
breadth at bottom. 

Blus-Liorts. — Oompoiiium^ etc, 

Blue-Lig^tB are fixed in hand-cases of well-sea- 
soned alder, of nearly the same dimensions as a 
KMnch fuse; the cups of the oases being rather 
more capacious. 
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yards. The distance, thereforei of the object, must be 
the radius, and the height of the battery the tangent of 
the angle of impetus, which, on the aboTO supjHMition, 
will be about 14 yards measured from high-water marL 



In the foregoing observations, the battery and the 
point against whicn it is directed, are supposed to be in 
the same horizontal plane. There are two contingen- 
cies however to be considered, -—each of which requires 
that the height of the epaulment, and the dimensions 
of the ditch, should be increased or diminished, ac- 
cording to the following principles. 

It is manifest when the battery commands the 
object, that the height of the epaulment need not be 
■0 flpreat as when the battery and object are situated 
in tne same horisontal plane, for in tnis case the line 
of fire from the lower situation can never approach 
nearer to the heads of the men on the terre-plein of 
the battery, than the crest of the epaulment. The 
epaulment may therefore be lowered m proportion as 
the command of the battery increases, provided it is 
never made less than 6 feet. 

When the object commands the battery, the line of 
fire approaches constantly nearer and nearer to the 
heads of the men stationed behind the epaulment, 
and, in the same proportion, as the command of the 
object increases, wul the distance from the foot of the 
epaulment diminish, at which a shot from the enemy 
will strike the terre-plein of the battery. Here, there- 
fore, it is evident, that the height ot the epaulment 
must be increased, directly, in proportion to the com- 
mand of the object, and inversely, in proportion to its 
horizontal distance from the battery. Therefore, — 

To determine the height to be given to an epaul- 
ment, it is necessary to know the horizontal distance 
from the object to the battery, and the distance, in the 
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rear of the ktter, at which it it intendad that the 
men, cm the terre^pleiiit should be cohered from the 
enemy's fire, llieie two pointi beine ascertained, 
the proper height may be determined by a simple 
calcttlaUon, or praeUoally by the following easy pro- 
cess!-* 

llie horizontal breadths of the sereral ulopea 
being traced upon the ground, let a man place him* 
•el/ upon the line orer which the crest is supposed 
to pass, and there erect a long stair:'-at the same 
time let a second man, provided with a staff feet 
long, place himself in line with the former, and the 
object, and as far in the rear of the intended crest, 
ae it is desired that the ground should be defiladed, 
or placed under corer from the enemy's fire, and 
there erect his staff. Then placing his eye on a level 
witli the top of it, he must obs^e where the line 
of sight passing over the hostile object, cuts the first 
ftaffT Tue i»oiut of intersection thus obtained, marks 
the proper height t» be given to the epaulmeut. 

The epaulment being constructed with tlie mate* 
rials procured from the excavation ot the ditch, it 
follows that the solid content ot the one, must be 
just equal to that of tlie other. Tlierefore, to de- 
Cermine the breadth of the ditch, divide the super- 
Hcial content of a vertical section of the epaulment 
by its proposed depth: the uuotient will be the 
mean breaoth, to whicu add naif the sum of the 
borixoatal breadths of the two slopes for the breadth 
at topi and subtract the said ualf sum for the 
breaotli at bottom. 

BLVM^Lian-n.'^CcmpoHiUmf etc. 

Blna-Lighti are fixed in hand-eases of well-sea- 
•oned alder, of nearly the same dimensions as a 
KMneh fnae; the cups of the cases being rather 
mom oapaeiovs. 
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Materials required to Complete 100 Blue^Ligbts. 



Saltpetre 9-625 lbs. 

Solphnr. .... .2*406 „ 

Red Orpiment . *687 „ 
Quick-niBteh.. -094 „ 
PsuBte 2*000 „ 



Packtluread .. . • *250 lbs. 
Dutch Twine .. -062 „ 
CartridgeFaper 10*500 sheets. 
Brown „ 17-000 „ 
S. A. Facking...l8-000 ^ 



Alder Poles, 2*75 inches in diameter...60 feet. 

Bomb-Vessels. — Mortar^ etc, 

Bomb-Vessels were first employed by the French 
in 1681, at tJie bombardment of Algiers. The 
earliest mention of them in this countiy bears the 
date of 1688, but upon what particular service they 
were then employed does not appear. 

The detachment of marine artillery required for 
the service of the mortars» usually consists of a 
lieutenant, seijeaht, corporal, bombar^er, and ten 
gunners. 

Instructions for their Management and 
Security in Action. 

The mortars, mounted on their beds in the mid- 
ships of the gun-deck, traverse on circular pladbrms. 
They may be fired over either side of the ship, but 
never at lower angles than 45 degrees. When at 
sea they should be lashed down to their platforms, 
the bolsters being first removed to allow them to rest 
upon the bed-transoms. 

Before the tarpaulins and mortar-hatches are re- 
moved, the booms must be wetted: — this being 
done, an explosion bulk-head of 3-inch plank must 
be fixed between the mortars and the after part of 
the vessel . The magazine and filHng-room must also 
be secured by means of tarpaulins nailed round the 
after hatch- way ; and, before firing, the doors of the 
bulk-heads under the quarter-deck must be shut, that 
the cabins may not be injured by. the explosion. 
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A non-commifisioned officer and 2 guimeiB should be 
told off to the filUng-Toom to measure out the charges, 
and fix the shells, — another non-commissioned officer 
and 3 gunners, for the service of each mortar, and a 
gunner to receive on deck the 13-inch shells, and lower 
uiem into the mortars. That a constant fire 'may be 
kept up, and from 45 to 50 shells be thrown in an 
hour, these men will reauire to be assisted in their 
several duties, by a detacnment of the crew, — namely, 
8 men in the shell-room and cock-pit to get out the 
empty shells, and whip them up when loaded; 1 man 
to serve each mortar with powder, and supply the artil- 
lery-men, fixing the shells, with fuzes ; and 6 men on 
the quarter-deck, to whip the 13-inch shells into the 
mortars. 

The fuzes should be cut by a non-commissioned 
officer or steady gunner under the officer's immediate 
superintendence. The forecastle is the mdst convex 
nient place for these operations, as the officer can 
there readily make any alterations he majr require, 
without being obliged to send his orders, which are 
always liable to mistake, to the filling- room. The 
officer, standing on the quarte>deck, ^ould himself 
lay the mortars, with a plummet in the usual manner. 

The whole of the shells should be hoisted on deck 
by means of a pulley or whip, and the 13-inch shells 
lowered into the mortar by means oif a- second whip 
made fast to the mainstay directly over its mouth. 
The 10-inch shells may be readily . cjarried along the 
gang-way by 2 men with a shell-beam, and lowered 
into the mortar by hand. 

In taking up their stations in Older to a bombazd-r 
ment, it is desirable that the vessels isiiould iieejif 
without the range of the enemy's batteries, or at a 
distance of 3,000 yards from tnem, and. that, they; 
should have springs upon their eables. 
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CoHPOsiTiOH of an Arhimsmt for a Bomb-Yessel 



OBPNAKC£, 110. 



Obdwahcb. 

Guns, 6-Poander 

(, 1* tt •••• 



CAB31XAOS8. 

•»» ^ T»-.j f 13-Inch 

Mortar Beds j jq 

Gon^ 6-Pounder 

( S4-Foiuidel*... 

tl2 » ... 

'*-Inch 



OBtBBTATZOMS. 



CuTonade 



Breecbings4 ft 



Tackles { fjf '^^^ 



> « « 



8I»AES Abticlbs. 

Pintails , 

Cap-Squares , 

Keys and Chains 

Bolts, Traversing 

»» Dog 

Wedjies and Blocks 

Quoins, Mortar ....'... 

„ Gun 

,f Carronade. ...«.■ 

Stool-Beds ' 

Tracks, Fore.. #••• 

Axletrees, Hind 

Eve-Pins and Chtdns . . . 

Washers .* 

Linchpins • • . • 



.sets 



1 
1 

3 

8 
1 



1 
1 

2 

8 
1 

3 

3 

13 

34 
3 



1 
2 

4 
4 
4 
1 
3 
I 
8 
1 
3 
1 
3 
4 
4 



A Bomb-Vessel on fhe < 
blishment earned S — 
Mortars/ 4— 68, and 
Pounder Carronades. 



Complete with Pintails, et 
»» • »» »» » 
Stool-Beds 



n 



» 



Elevating! 



tt tt 

ti tt It 

For the Guns. 

„ „ 13-Pounder Camx 

34 
ft tt ■•* »» t. 

For the Carronades. 
„ „ Guns. 
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Detail of a Proi>ortion of Ammunition, etc. for a 
Bomb-VeMel. 



AMMUNITION, etc. 



I 

I 



0B8KBTAT10N8. 



Shells 



{ 



Mortar | 



Hand, Fixed 



IS-Inoh 
10 „ 



Carcases j{»-I™'^'^^«d-- 



Valenciennes Composition 



apoBi 



( i^^ounder . 
Bound -J 12 „ 

{24-Pounder .. 
12 „ 
6 • „ 
( 24-Poander . . . 
Case ■< 12 

I » 
Pound . . . , 
liTood Bottoms.... 



Shot 






400 

400 

210 

40 

40 

600 

720 

90 

180 

67 

7 

14 

56 

20 

14 

15000 

80 






, ^ , fWhole 
\ Barrels J _, „ 
Gunpowder -\ ( Half.. 

( Mealed lbs. 

i34-Poiukder 
IS' 
6 
Fuzes, Empty . . 

„ Composition lbs 

Portfires 

Tubes, Tin 

„ Quill 

Paper, 6-Pounder Cartridge, qrs. 

„ Brown „ 

Cotton Wick lbs. 

Alcohol gidls. 

Slow-match cwt, 

Quick-match, Lengths 

„ Pounds 

Rockets, 1 lb. Signal 

Bine-Lights 

Coarse Twine lbs. 

Junk « ..cwt. 

Flints 



44 

90 

833 

117 

208 

1000 

138 

200 

440 

840 

10 

6 

4 

8 

1 

1000 

20 

6 

18 

36 

4 

15 

600 



300 Proportions per Mortar. 



The service charge of the 13-Imdi. 
Mortar is 20: of the 10-Incb, 
9-5 lbs. 



For Careases-and n> Shot 
j CalculatedattheFuUCharae, 
( Bursting Powder included. 

For the Guns and Carronades. 



500 for each Mortar. 

The Shells, Caresses, Powder, 
and FueeS) are the only stores 
which ha^e particular places 
fitted up ftn* their reception. 
The Shells, empty, are stowed 
in lockers^ ealled sheU^roomtj 
in the fore and after holds. 
The Caroases are secured bat 
separate easeS) on sheives, in 
a firame-work directly under 
the mortars^ and the Powder 
and Composition in the Maga- 
zines. The Fuzes and snMuQ- 
stores are arranged in eases 
ready for use, in the fiUiitg 
and store>rooaM, ' 
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Implements, Stores, btc. tor a Bomb-VesseL 



IMPLElffENTS, BTC. 






I) 



ft 



• m • • • • • 



Sponges, Common 
Bope.... 
Hrads, Common 
„ Bope 

Cape 

Combs 

„ Staves 

Wadhooks 

Ladles 

Funnels, for Shells 

M I, Loading . . . 

Quadrants 

Plmnmets (Lead) 

Handspikes, Conunon .. 
„ Mortar .... 

Traversing Bars 
Dutch Pumpe . . 
Claw-Hammen . 

Tompions. 

Tube-Boxes .... 
Portfire-Sticks , 

Lintstocks 

Gun-locks 

Powder Measures. . . .sets 

„ Horns 

Fuze-Benches 

Knives (Block) .... 

Engines * . 

Blocks 

Mallets 

Drifts (Driving) ... 

Ladles 

Saws, Tenon 

„ Setters 

Ba^,|-round 

Files, Square 

Spoke Shaves 

Compasses ...... ..pairs 

Diagonal Soalea 
Corkscrews .... 

Mallets 

Setters 



I 



»» 






n 



Ragstones 

Salting-Boxes (Copper). .| 



Id 
2 
3 
1 

13 
2 
2 
3 

2 
2 
1 
3 
4 
6 
9 
2 
2 

44 
4 
4 
4 

13 
1 

18 
1 
1 
1 
2 

24 
8 
4 
4 
1 

d 

8 
1 
2 
1 
2 
8 
16 
2 
2 



2p«r Mortar; IperOunandCm 

1 ror each 0-Pounder. 

1 tat eveiy 3 Carronades. 

1 „ „ 2 Guns. 

1 for each Gunand Carronade 8' 



1 for 2 Guns; 2 for Carronadei 



OBSimTATZOirS. 



1 for each Mortar. 
1 



ff » 



n 



For the 2 Mortars. 

I tat each Carronade. 
M „ Mortar. 

4 for each Gun and Carronad<>. 



I for each piece of Ordnance. 
L „ the 2--6-Pounders. 



lr->19} and lOl-Inch Socket in, ea< 
12 for each nature of Fuze. 
4 
2 












M 
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TMPr«EMENT8, STORES^ BTG. — cotUinued, 



IMPLEMEliTS, etc. 



Obsbbtatiovi. 



.sets 



Priming Irons 

Vent-Bits 

Lead Aprons 

„ Lock Covers 

Marline Spikes 

,, Skeins 

Cartouches 

/Badge 

I (Whole 

A Common •< Half . . 

i (Quarter.. 

I Water-tight 

Adzes (Copper) 

Drivers 



Barrels 






n 



it 
»» 



» 



,.pau« 
•• »» 

'• >» 

• »» 

• >» 



>» 



Vices 

Snuffers 

Can-Hooks 

Forelock Keys 

Funnels 

Shovels 

Slices, Copper 

„ Wood 

Mealing Tables 

„ Rubbers . . . 

Brushes, Hand 

Sieves and Covers . . . 
Boxes, Composition . . 

Priming 

Ammunition . 
Tubs, Composition. . . 
Tube-Prickers ( Brass) 

Beams and Scales pairs 

Weights sets 

Hair Cloths 

Hides (Tanned) 

Buckets (Leather) 

„ (Wood) 

Laboratory Chests 

Handscrews, Long 

„ Short 

Crowbars, 4 feet 6 inches 
Handscrew Levers, 6 feet 

w »> 3 >» 
Hatchets, Hand 



^6 
5 
13 
11 
3 
12 
22 
2 
31 
44 
1 
4 
2 
4 
2 
2 
2 
3 
1 
1 
1 
2 
1 
1 
1 
1 
2 
1 
120 
2 
2 
1 
1 
2 
6 
6 

1 
1 
1 
4 
4 
4 
2 



1 for ef/ch.pieoe of Ordnanoe. . . 
1 ,, . ,, Gun and Carronada* 



2. for each Gun and Cannonade. 



4 lb. piles* 



IlfFLEMBNTS, ST0««B, HT 


"- 




IMPl.EbeHT6, ITC. 


1 


OMIKttViTIIJB*.!-.! 




i 
40 
40 

J 






























4,_SliibdO,^».Ioci^ 






....pair. 


..J 










Si^i-"' 


tbi. 
























S! 














94 














Sloe - 


n>h 




















Si'?ip™d^"'" 


•■'1!? 









































BRE. 

BftBACH. — Artillery^ — Fortificntionr^ VenU 

fh» fin( oper^tioa of tl^ bat^ries m\xai be, to 
stiiikfi out, by ft LorizoQtal line, tbp extent of the 
pjroposed bre^bi ^nd their whole efforts must the;i 
Pfi oiirected towards deepening this cut, and gradually 
opening two others re^tically firom its extremities. 
Tne portion of the revetment thus outlined, d^ould 
it not be overthrown bv the pressure of the earth 
behind, must be finally detached from the adjoining 
parts, by the discharge of a few salvoes against its 
centre, which will speedily bring it down in a mass. 
If the ditch be dry, the horizontal cut above 
mentioned should be struck at about six feet from 
the foot of the revetment, — if wet, close to the water's 
edge ; and it is important to observe that the instant 
the wall is down, and the parapet destroyed, the 
breach is as perfect, and the slope as easy, as it can 
be made by the fire of the batteries. 



ft would appear by the practice, at the sieges of 
Cuidad Rodngo, Badajos, and St Sebastian, that a 
breach of considerable extent may, with a given 
number of guns, be formed by one, or at most by 
two, days firing. 

Cuidad Rodrigo was attacked on the 8th, and 
the batteries opened their fire on the 14th January, 
1312. At this sieffe, 9,515 round shot were expended 
in 32i hours, and two breaches were formed, — the 
one 30, and the other 100 feet wide, — from a dis- 
tanee of between 50Q and 560 yards. The hourly 
expenditure of ammunition ytafi consequently 392'7(^ 
rounds in battering, or otherwise. 

If we suppose therefo]ce only 3 hours firing, or 
87S*(28 rounds to h«ve be^n given. to the defences, 
there will remain 8,^3^79 to be 4i$trihu^d hetween 
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the two breaches; — namely, 1,993*09 to the lesser, 
and 6,643*63 to the greater breach. — Had therefine 
40 — 24-pounders been employed on the great breach, 
with this expenditure of ammunition, or 166*09 xoiuds 
per gun, it is evident that it would have been formed, 
and rendered practicable, in 8^ hours, the period of 
day-light, or by one day's firing. 

Badigos was invested on the 16th, and the batteries 
opened on the 30th March, 1812. The time of firhg 
was 104 hours, and 23,896 round shot are supposed to 
have been expended in effecting three breaches of 40, 
90, and 160 feet in width respectively, from a distance 
of between 600 and 700 yards. 

The breach in the curtain, 40 feet wide, was formed 
in 13 hours by 14 guns, at an expenditure of d|614 
rounds of ammunition. Consequently 20,382 rounds 
were expended on the other two breaches, namcdy, 
7643*25 on the breach in the flan^, which was 90 feet 
wide, and 12,738*75 on that in the face of the bastion, 
which was 150 feet wide. It would appear therefore 
that had 50 — 24-pounders been put in battery to 
breach the face oi the bastion, with a proportionate 
expenditure of ammunition, or 254*78 rounds per gun, 
even this breach would have been formed and ren- 
dered practicable in 13 hours, or by one day's firing. 

St. Sebastian was attacked on the 1 1th, and the 
batteries opened their fire on the 20th July, 1813. 
The time of firing— first part of the siege — was 62 
hours, or, four days of 15^ hours each; 20 — 24- 
pounders were employed, and two breaches, the one 
30, and the other 100 feet wide, were formed from a 
distance of about 600 yards. One day's firing was de- 
voted to the small breach, two days and a half to the 
great breach, and half a day's to the defences. 

Hence, had 60, instead of 20, — 24-pounders been 
placed in battery, at this siege, it is manifest that both 
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breaches would bare been formed, and rendered 
practicable by less than one day's firing. 

BftiDOE. — Barreli^- Pantaon, — CahU, 

Military bridges usually consist of pontoons, or 
other floating bodies connected together by a super- 
structure of baulks and chesses, — strength and buoy- 
ancy are therefore the essential points to be attended 
to in the construction of such a bridge. 

On the firstpoint,ample information will be found 
under the head Materials. The general principles 
of the latter, are comprised in the following obser- 
Fations, — 

On the Buoyanct of Bodies. 

If a body be immersed, or paiHy immersed, in a 
fluid, it will displace a bulk of the fluid equal in 
magnitude to itself, or to that part of it, which is 
immersed. And as, before the immersion, the pres- 
sure downwards upon the fluid immediately below 
the place subsequently occupied by the body, is 
equal to the weight of the fluid displaced by the 
immersion, that weight will be the measure of the 
upward reaction of the fluid below the body, — or, 
the measure of the force, by which its descent will 
be impeded ; — otherwise the fluid would not be in 
equilibrium both before, and after the immersion. 

If therefore a body be entirely immersed in a 
fluid of the same specific graWty as itself, it will 
lemain at rest in what situation soever it may be 
placed: because, in this case, the upward reaction 
of the fluid will be just equal to the downward 
pressure of the body, and the body may be said to 
nave lost all its weight by the immersion. And if 
the specific gravity of the body, be greater than that 
of the fluid, the body will sink; because here the 
downward pressure, will be greater than the upw&id 
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reaction, and the body may be siiid to hare lost just 
so much of its >¥eight, as is equal to the bulk of the 
fluid displaced. 

Again, if the specific gravity of the body be Iwi 
than that of the fluid, i£e body will float; because 
in this case, the upward reaction, will be gi^ter 
than the downward pressure. The body will howe?er 
^ink to a depth at which its downwara pressure ivill 
be equal to the upward reaction of the fluid, or untfl 
the pressure and reaction are iii equilibrio. Hence, 
when a body floats, it displaces just so much of the 
fluid as is equal ill weight, to the weight of the bodj. 

On the Situation of the Buidok. 

The choice of the point at which to effect the pas- 
sage of a river, involves many important, and apparently 
contradictory considerations. — If the passage is to be 
forced in the presence of an enemy, the conCaVO or 
re-en terinp: sinUosities of the stream, are usually se- 
lected as the most advantageous ; because, in such a 
situation, not only will the batteries intended to sup- 
{>ort the construction of the bridge, and protect the 
passap of the th>ops, be posted so as to otos8 their fire 
over the position of the enemy on the opposite bank, find 
take the approaches to the oridge in reverse, but, the 
passage being efiected, the ground gained on the op- 
posite shore, will afford the best possible site on which 
to eiect the works requited to cover the head of the 
bridge. Further, the water is invariably deeper, and 
the banks higher in the concave bends than in tnj 
other part of ue river ; the bank to which the passu;e 
is to be attempted therefore, w31, in such situations, be 
commanded by that from which it is to be made. 

If the establishment of a communication only, 
without immediate reference to ofieiisive, or defensive 
operations is the object to be attained, the conOUve 
bends are liable to w objection, that, in thosfe parts, 
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tbe foroe of the Current is unequal, and consequently 
acts very injuriously ou the floats, or piers of the 
bridg^t For the mere purposes of communication 
therefore^ situations between the bends are usually 
selected, as less subject to sudden changes, and in* 
equalities in the current; and consequently also niore 
free from deposits of mud, and slime. 

Bridges of communication between the quarters of 
an army, or different parts of the attack at a siege, 
should if, possible, be placed above the town : other- 
wise, the enemy may destroy them by taking advan- 
tage of the current, to float down trees or other heavy 
bodies. It is also necessary in these situations, that 
two bridges should be established side by side, to pre- 
vent the confusion Consequent upon an endeavour to 
crbss, and recross upon the same bridge. 
■ > It is of the utmost importiBinoe uiader all contingen- 
ci^ that- situation^ should, be chosen where the 
banks axe not too low, and where the anchorage is 
goo4iand secure ; that smaU islands, where met with, 
fitioald he made available, and above all, that advan- 
tage .should be taken of bays and inlets, or tributary 
streams, in . which the boats or pontoons may be 
launched, out of view of the enemy,, and floated aown 
ivitbi ti^ current to the intended point of passage. 

On ths Co^istRuCTiof) of MiLtTARV Bridges. 

The: breadth of the river, and the rapidity of iU 
ourrent being, aficertained, , the first point to be con- 
sidered in the cpnstruction pf the bridge is the weight 
whiojb.it may t)e.r^uired to sustain* 

..IlEifttdtry, formed 4u two mnk^ boonpy 3 feet in depth. 
A hOTBe, standing afepidiBt, occatHes 37. saperficial feet, or 
S leet in breadth, aiid 9 in depth* A field gun, or ammu- 
nitioii waggon^ limbered up, with four horses, covers 148*6 
li^eti sapei^aL measurfi, or 4*5. feet in breadth, and 33 In 
depth. The bearing points of the gtm a»d limber wheels 
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are 9 feet apart; and each addidoiial pair of horses oocapj 
a ftirther lineal gpaoe of 12 feet 

An infantry soldier, with his anus, ammunition, aooon- 
txementBy etc., weighs on an average about 198 tbs. A 
oayalry soldier, about 265, and his horse 1036 lbs. The 
average weight of a piece of field artillery, gunners not 
included, horsed and equipped for service, is — 

18 Fbonden .... 19,000 Ibb. I d-Pounden (heavr) 13,4S91bs. 
12 „ .... 14,259 „ 6 „ (light) 9,078,, 

9 „ ....13,«74 „ |3 „ (heavy) 9,028,, 

The available buoyancy of every 60 feet lineal of the 
bridge should thereu>re be, — with 

Infantry (120 men) formed four deep, 21,360 lbs. 

Cavahy ( 12men)infile 16,621 „ 

Artillery, !2.Pounders 14,259 „ 

By which it would iSppear that a bridge calculated 
for the passage of infantry, formed four deep, may, 
with safety, be passed by cavalry, in file, or by a field 
battery in column of route. 

Every possible precaution must be taken to preserve 
the bridge from injury. Infantry should therefore never 
be allowed to pass at the same time with cavalry or 
artillery. Jn the passage of cavalry, the men should 
dismount, and lead their horses, and even then, only 
two or three should march abreast. Under no cirounK 
stances should a horseman be permitted to pass at a 
trot. Artillery and other carriages should cross in 
succession, and at certain distances apart. This pre- 
caution is absolutely necessary to prevent the ove^ 
loading of the bridge, and, for the same reason, two 
carriages should never be permitted to meet upon it. 

The greatest possible care is requisite in the passage 
of large droves of cattle. Bullocks naturally crowd 
together in a mass, and are very likely to swamp a 
bndge of light boats. To guard against this danger, 
a few only, carefully driven, should be allowed to pass 
at the same time. 
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C ALi B RE. — Gun, — Howitzer^ — Carronade. 
Calibres of English and Foreign Guns in English Inches. 



OBDXANCE. 


• 


'B 


• 


• 

1 


4 

a 


• 


1 


■ 




1 


Q 


1 


1 


1 


1 


Guns. 
















lO-Indh 


10-000 


• • 


• • 


• • 


• • 


• • 


• t 


68-Pounder 


8-050 


• • 


• • 


• • 


• • 


• • 


• • 


36 „ 


r6-4io) 


• • 


6-887 


• • 


6-H83 


• • 


6-837 


32 „ 


■ 6-360 ■ 
.6'300 


• • 


• • 


• • 


• • 


• • 


• • 


30 , 


• • 


• • 


• • 


• • 


6483 


•J» 


6-433 


24 „ 


6-833 


5-911 


6-016 


6-973 


6*010 


6-800 


5-9W 


18 „ 


(6-292) 
6-1701 


6-370 


5-467 


6-405 


6-461 


• • 


5-417 


1« , 


• • 


• • 


• • 


• • 


5-269 


• • 


• • 


12 „ 


4*683 


4-962 


4-776 


4-719 


4-778 


4-676 


4-740 


? „ 


4-200 


• • 


• • 


• • 


t • 


• • 




8 „ 


• • 


• • 


• • 


• • 


4-174 


• • 


• • 


6 „ 


3-668 


3-723 


3-790 


3-754 


3-774 


3-706 


3-7« 


4 „ 


• • 


• • 


• • 


• • 


3-316 


• m 


• • 


3 


2-918 


2-963 


3000 


3-960 


• • 


2-945 


2-986 


HOWITZRBS. 
















10-Iii£sh 


10-000 


• • 


• • 


• ■ 








8 „ 


8-000 


• • 


• • 


• • 


6-779 






40-Pounder 


• • 


• • 


• • 








7-fl8H 


36 „ 


■ • 


• • 


8065 


• • 


• • 




• • 


25 „ 


• • 


« • 


• • 


• • 


• • 


6-906 


• • 


24 „ 


6-720 


• • 


• « 


5-973 


5-944 


• • 


• • 


20 „ 


• • 


• • 


6-725 


• • 


• • 


• • 


6097 


12 „ 


4-580 


• • 


• • 


• • 


4-744 


• • 


• • 


10 „ 


• • 


6-637 


6137 


■ • 




6-692 


4-840 


7 „ 


• « 


6-870 


• • 


• • 


• • 


6-807 


• • 


Careonades. 
















68.Pouader 


8080 






• • 










42 „ 


6-840 






• • 




• • 






36 , 


• • 






• • 




6-791 






32 „ 


6-260 






• • 










30 , 


• • 






• « 




6-413 






24 „ 


6-680 






• « 




5-933 






18 „ 


6-160 






• 4 




5-417 






12 , 


4-530 






• 4 




4-748 






e ., 


3-600 






• • 




«• 







CAM. 

Camp. — Park^^^Recormoitering^ —Tent, 

Camps are funned with a few trifling yariations, 
after toe same manner in all European Armies. 
ft is a general rule, however, that the extent of the 
camp in front, the character and features of the 
ground heing considered, shall not exceed the length 
of the line occupied hy the troops drawn out in 
order of hattle. 

Armies are sometimes encamped in two lines, 
sometimes in three. The distance hetween these 
lines Tariesi from two hundred to six hundred yards, 
- according to the nature and face of the country. 
The camp of a corps d'armee, division, or hrigade, 
is composed of the encampments of its several 
battalions, squadrons, and batteries. It is therefore 
absolutely necessary that the space which each of 
these will occupy snould be asctotained before the 
camp of the corps, division, or brigade can be traced, 
or the situation which each particular arm is to 
dcciipy, can be determined. 



lii regulating the extent of the front, 21 inches 
tuie aUowed for each file of infantry ; 3 feet for each 
file of cavalry. When the ground will permit, the 
tents of the infantry are arranged in rows perpendi- 
onlar to the front, each row containing the tents of 
a (company. The tents of the cavalry are disposed 
in the same order, each perpendicular row contain- 
ing the tents and horses of a troop. 

The grenadier and light infiintry companies are 
usually placed in single rows on the flanks; the 
battalion companies in double rows in the interval 
between them. A single row, or company, occu- 
pies in front 17 feet (the diameter of a circular tent 
of the new pattern,) a double row, or two compa- 
nies, 36 feet. 



CAM. 

In the cavalry, a single row or troop occupies in 
front 67 feet, namely— 

Diameter of the tent 17 feet 

From the tent to the picket rope .... 16 „ 

For the horse 18 „ 

„ „ manure • 6 „ 

Total breadth of one row .... 67 feet 
Each tent is calculated to cover 16 men. 

If therefore, the breadth of a row in front, whether 
for infantry or cavalry, be multiplied by the numher 
of rows, and the product be subtracted from Uie extent 
of front reqnirea for a battalion, or squadron, the re- 
mainder will be the space to be allowed for the streets, 
which if they are to he of equal breadths, must he di- 
vided by their proposed number to find the breadth 
of each ; or, it may he otherwise easily divided into 
streets of uneoual breadths. 

The ground will not at all times admit of each 
troop, or company being arranged in a single row 
perpendicular to the front, therefore in such cases 
divide the number of tents occupied by the battalion, 
or squadron by the number the ground will admit of 
in one row, and the remainder will be the number of 
perpendicular rows required. 

If the battalion, or squadron be encamped in single 
rows, the number of streets will be one less than me 
number of rows, or if the battalion be encamped with 
its fiank companies in single, and its battalion com- 
panies in double rows, the number of streets will be 
equal to half the number of companies. 



It is usual when the character and nature of the 
ground will admit of it, to allow for each parallel line 
of tents, — 



cam: 



Infantry. 
From the quarter- ^ 



Cavalry, 



guard to the line 
of parade of the 
battalion , 



62 yds. „ yds. Open to the front. 



„ the line of pa-' 
rade to the first I- 16 



tents. 

To the first line of 
pickets .... 



n 



) ■ 



For every tent in) ^ 
depth J ^ '» 

„ „ horse .. 3 „ 

From the infrantryX 
tents or cavalry I 
horses to the 1-15 „ 
frontof thesub-l 
altems' tents. . . J 



To the front of the \ .^ 

lins' tents . J ** 



captains' 



the fieldoffioers 
tents 



,'}lO „ 



n 



the colonel' 
tent. . . . 



.'! }»«» 



» 



the staff officers 
tents 



'}'0., 



24 „ Open to the front 



w 



6., 
3 



12 



99 



» 



15 



n 



15 



» 



10 



10 



1} 



n 



The infantry tents 
open to the streets : 
the cavalry tents to 
the horses' heads. 



Open to the rear. 



The captains' and 
subalterns' tents 
should be placed in 
rear of their respec- 
tive troops or com- 
panies. The former 
open to the front 

'Open to the front, 
opposite the outside 
streets of the batta- 

^lion or squadron. 

/The colonel's tent 
I opens opposite the 
\ centre street of the 
battalioa or squad- 
ron. 



i 



f Open up the streets 
( adjoiningthecentre. 
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Infantry, Cavalry. 

To the b&tmaa's) ,^ , 

*««♦ r '0 yds. 

tent j •^ 

,, the first picket) » 
for b&t horses/ 

„ the second do. 10 



tf 



„ the second row ] » 
of batmen . . j 

,, the mess tent 10 

„the centre of) |« 
the kitchens../ 

„ the front of the ) ^ . 
suttler's tent j 

y, the rear guard 15 



n 



tt * 



[The b&tmens' 
Id yds.-! tents open to their 
I horses' heads. 



9» 



f> 



10 



20 



15 



'The mess tent is 

„ • usually placed la 

^ rear of th^ calonel^l 

f Generally 16 feet 
'' ( in diameter. 

Placed directly S& 
„ rear of the kit- 
( ohens. 

15 „ Opens to the rear. 



The above distribution contains the depth for 
one tent of each perpendicular row only. Conse- 
quently, the number of tents in a row, minus one, 
must be added to ascertain the total depth required 
for a battalion or squadron. 

Camphor. — Composition, 

A vegetable substance, in its ordinary slate white, 
semi-transparent, and concrete. In many respects 
it resembles the essential oils, being like tnem vola- 
tile, inflammaible, soluble in alcohol, and sparingly 
soluble in water. It is identical iu its composition 
with pure oil of turpentine, and from its peculiarly 
inflammable qualities — burning in water^ — it is an 
excellent ingredient in the composition of fireworks. 
It has a clear flame^ and gives out an agreeable 
odour. 
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Carcasses'. — CdmpariHon, 

Weighty Dimensions, etc. of Carcasses. 





1 

- — ' — » 
Inches. 


Weight. 




CABCASSES. 


t 

S 


• 

§ 

-a 

1 


• 

i 


• 

& 
kins. 


13-Iiwh Land Seirioa .... 
,» Sea , 


12-84 
12-84 


195 000 
213-750 . 


17-876 
14-600 


212-876 
328 250 


1100 
9-25 


lO-IxKsh Land Service .... 
„ Sea , 


9-84 
9-84 


90-250 
97-000 


7-250 
6-375 


97-500 
103-375 


8-50 
0-75 


8-Tneb Land Serrice .... 

5 » M »l • • • • 

41 ft » » •••• 


7-90 
5-64 

4-46 


48-000 

15-375 

8-375 


2-875 

1-219 

•437 


60-675 

16-694 

8-812 


650 
4-00 
2-25 



The above are the weights, dimensions, etc. of 
round carcasses, the only species now in the service. 

Implements required — 



Mixing Tables 


Fuse Plugs 


„ Rubbers 


„ Drifts 


Hair Sieves 


„• Mallets 


Irpn Pots 


„ Ladles 


Water Tubs 


IQtt Kettles 


Copper Pans 


„ „ Trivets 


„ Cylinders 


„ Brushes 



Spatulas 

Shells filled with Valenciennes composition, so 
called from its having been fii'st used by the Aus- 
tiians at the siege of that place, are an excellent 
substitute for carcasses. 



Implements required — 

Mixing Tables 

„ Rubbers 
Hajr Sieves 



Copper Pans 

Cylinders 
Moulds 



«> 



Spatulas 



w 



CAB. 

Materials required to Completo 10 of each of tbe 
undermentioiied CarcaBses. 



MATERIALS. 



Cabcassbs. 





I 

M 
I 



Empty Carcasses . . 
Salpetre, Ground . . . .lbs. 

„ Pulverised.. 
Sulphur, Ground .... 

„ Sublimed .. 

Bosin 

Mealed-Powder 

Antimony „ 

Tallow „ 

Venice Turpentine .... 

Quick-Match 

Kitt 

Hessian yds. 



» 

M 
M 



ft 
it 



10 

93-7fi0 
4-876 

37*600 
1-500 

28-760 
4-125 
9-376 
9-376 
9*376 
•312 
6*000 
1-250 



10 

37-600 
2-937 

15000 
-750 

11-250 
2-000 
3-750 
3-750 
3-750 
•250 
4-500 
lOOO 



10 
14-600 

•760 
5-818 

•187 
4-OOS 

•937 
1^600 
1-600 
1^500 

-125 
4-000 

•876 



10 

6-960 
•6U0 

S^500 
•125 

1*875 
-687 
•686 
•626 
•685 
•093 

2-600 
*760 



10 
6-7M 

•are 

2490 

•oos 

l-Oft 
•50 
•600 

•600 

•000 

•077 

l^dOO 



Carriage. — Axletree, — Wheel. 

Carriages are divided into five classes: — Field 




eac 

numerous varieties. 

Weight of Field Battery and Horse ArtiUery 

Carriages. 

ISPounder ^^2\ ^^o^V 

Carriage 1981 p-*^ 7115 

Limber 822^ 



Waggon, Limber ^^^Il546\ 

Ammunitioii .. . . 576 j 

Body »003K 

Ammunition .. .. 720/ ' ^"^^ 



•3269 
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Field Battery Carriages — continued. 
S-Inch Howitzer 2324 



14788 



Carriage 2464 

Limber 822 J 



5610 



Waggon, Limber 938 ) iajq\ 

Ammunition.. 540) 

Body ^^Hl76l 

Ammunition.. 7201*"^' 



3239 



Spare Carriage, Limber 822 \ 



9841 



Wheeler's Tools. 162 J 

Carriage .....1981) «o/^. 

Stores, etc 1276/ "^^^ 



4241 



12.Pouiider 2016 ) 



34531 



Cwrriage 1437/ 

Limber 986 ) ,<yy . . 

Ammunition 288) ^* 



4727 



Waggon, Limber 928| ^AAfi\ 

Ammunition .... 512) 

Body 1000 

Ammunition .... 768 



1768 



r3208 



9-Pounder 1512) nsiAA\ 

Carriage ^^^^^[4x59 

Limber 913) ,„,. 1 

Ammunition 402) ****^ 

Waggon, Limber 913 ) , ^.^ v 

Ammunition .... 402 ) I tinn^ 

Body i004| ...gj 

Ammunition .... 774 j 
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Field Battery Carriages — continued: 
6 Pounder (Heavy) 1344\ 



2602 



Cairiage 1258J 

Limber 920) ,^^ 

Ammunition 344/ '''^ 



3866 



Waggon, Limber 9021 ,o«o\ 

Anununition 380j ''^^ 

Body l^Hl805 

Ammunition 804 J ^^ 

24-Poander Howitzer 1344) «,4^x 

Carriage 1400 J -^ *^ » 

Limber 927 ) ^aiq 

Ammunition 492/ **'** 

Waggon, Limber 927 ) j^,g v 

Ammunition .... 492 j 

Body *^2ll740- 

Ammunition .... 738j *'^ 

Spare Carriage, Limber 963 ) , ,o» x 

Wheeler's Tools 162/ "^ * 

Carriage 1414) ^544 

Stores, etc 1 1 30 / "^^^^ 



3087 



4163 



3159 



3669 



6.Pounder (Light) 672) v 

Carriage 986/1658l2j^ 

Ammunition 368/ ''^"^ 



Waggon, Limber 901 ) 

. 3086 
Body lOOn 



Ammunition 800/ *^^ 



CAR. 

Field Battert Carriages — continued. 

3-Poimder (Heavy) 672) ,«o^ 

Carriage 948 j ^^^ 

I-imber ^2\ ,0^0 

Ammimition 351 / *'*^' 

Waggon, Limber ^02) ,«,.^ 

Ammimition 315 j '^^'^^ 



2873 



MjOQj •••••••••« •790 I ifv/j^ 

Ammunition 766/*^^^ 

12-IVmiider Howitzer / 741) ,jj«.. 

Cairiage 1096) "'^' ' 

^^r. ^^^1295/ 



2981 



Anmmnition 378/ 

Waggon, Limber 917 ) 

Ammunition 378) 



3132 



1295 ^ 



Body 1002) ,«^, 

Ammunition 364/ ^'^^ 



2661 



Spare Carriage, Limber 879 ) 



104n 



Wheeler's Tools 162/ 

Canlage ^<^"^^l 1947/ 

Stores, etc 871/*^' 



2988 



1563) 



Foige Waggon, Limber 879) 

Smith's Tools 684/ 

Body ^<^'^ll497 

Stores, etc 481 J '^^ 

Store Waggon, Limber 879) q,q. 

Collarmaker's Tools . . 39/ ** 

Body 1131)^^ 

Stores, etc 1223/'**^ 

02 



3060 



3272 



CAR. 

Mottntain €attiaqn. 
Weight of Mountain Service Carriages. 

(By Mule Carriage.J 
3-Pounder (Light) 252\ ^^. 



Carriage 216 J 

Ammanition 

(Four Boxes) 



•••'l 508 

• • • • J 



■ 976 



534^ 



'if-Inch Howit25€r 280\ 

Cairiage 254) 

Ammtinition ) tjai 

(Six Boxes)/ ^^* 

(By Drqft.J. . 

3.Pounder (Light) 252\ ^^x 

Carnage 266J ^® 

Ammunition 

(Six Boxes) .... 



1308 



I 501 



1009 



4|-Inch Howitzer : 280 ) 

Carriage 294 j 



574 ^ 



Ammunition ) . ^-. 

(Ten Boxes) j ^^^^ 



1G38 



Colonial €avtiaq$^. 

Weight of Colonial Service Carriages. 

a.rounder (Medium) 336) ^g^. 

Carriage 451 j I jngg 

Limber 382) ^,] 

Ammunition 119J ^* 

Car 434) .-^ 

Ammunition 236/ ^ 



CAR. 

Colonial Sertice CAR&ikQ-Es-^-cotUinued, 

{Old Pattern.) 

I-Founder (Ammozette) 380 ) gg. 

Carriage 401 j 

Limber 366) 440^"^ 

Ammunition 82 j 

Car 434} .^ 

Ammunition 165 j ^^ 

{New Pattern.) 

1 -Pdunder (Ammuzette) 280' 

Carriage 250 

Ammunition ) <, ,^ 

(Four Boxes)] ^^ 

Ammunition 

(Two Boxes) 



770 V 

- 988 



••••1 218 

• • • • I 



44.1nch Howitzer.. ) 280) ^^^ 

- I 600J ^ 



Carriage | 600, 

Limber ) 380) ..^ 

ition .... j 136 J ^*^ 



Ammunition 



Car 440) .,„ 

Ammunition 272j '*'* 

Weight of Siege Carriages. 

24-Pounder 5320 ) on^ox 

Carriage 2688 J**~^ 

Limber 822 



-8830 



18-Pounder 4312 ) oofis^ 

Carriage 1953 f^'^^ , 

Limber 822. 



7087 



CAR. 

SiEOE Carriages — eontinued. 

12.Pounder ^^^\&dei^\ 

Carriage l®^i^^l«W 

Limber 822j 

lO-Inch Howitzer 4440 ) «,*«\ 

Carriage ^^'^risfffi 

Limber 822 j 

8.1nch Howitzer 2324 l^,fta% 

Carriage ^^4 j*^** I 5g,<j 

Limber 822j 

Weight of Transporting Carriages. 

Carts, Sling 1850 

Store 994 

Trench 293 

Hand 275 

Waggons, Platform 2375 

Flanders 1737 

Bali-Cartridge 1654 

Baggage 2016 

Devil-Carriages, Large 3221 

Small 848 

Drags, Large 1568 

Small 598 

Fontoon-Carriages (Old Constmction) . . . . 1370 

(New „ ).. .. 1539 



CAB. 
Aatriian Cttttiogcs. 





of Garrison Odd Curiages. 




c.™„.. 




4 


n 


s. 


1 

s. 


! 


1 


ai 


WeiKfalorGim....Cwt. 


■500 

■000 
3'DOI 


1-103 
I'TOl 

iw 


so-om 
sage 

a-gi 
'96; 

91 


■WS 
1-UOi 

■Tea 

■MS 


fi-042 
1-35J 

■M 
'■Mi 


S-ODO 

1334 

1-33; 

■bd 

■Mi 


ISOCK 






BoUom,— 

I*"P1> 

D^Plh 

ThirfioeM . , 

"■"gl^.:::::: 

HoriamW,- 
Hind,— 

Bridu, ;: ... 


'792 

»■» 

■Iffi 



CAR. 



Weight, etc., GorriBon Oun Carriages— oon/tnue<£. 





ClB&IAOES. 


DIMENSIONS, ETC. 


% 


1 

3 


1 

9 


1 


1 


1 


1 




o 


o 


O 


Q 


o 


g 




^ 


P4 


PL4 


04 


P4 


P 




t 


^ 


^ 


06 






s 


Tninks. 
















Fore, — 
















Diameter of 


^584 


1-6W 


h662 


1662 


1-668 


l-6«2 


1-6S1 


Hole. . 


•626 


•625 


•542 


•642 


•642 


•542 


•469 


Width of Sole.... 


•552 


•562 


•417 


•417 


»417 


•417 


•3S& 


Hind,— 
















Diameter of .... 


• • 


1334 


1-334 


h334 


1334 


1-934 


1^334 


Hole.. 


• • 


•626 


•642 


•642 


•642 


•642 


•459 


Width of Sole.... 


• • 


•417 


•376 


-376 


•376 


•376 


•298 


Stool-Beds. 
















Bed,— 
















Ijength 


• • 

• • 


2917 

•834 


2^834 

•834 


2-709 
•792 


2709 
•792 


2-709 
•792 


2-667 


Breadth, Greatest. . 


•667 


Least 


• • 


■542 


•542 


-600 


•600 


•600 


•417 


Tfijo-VnAfls - . , - , 


• • 


•365 


-355 


•355 


•334 


•334 


•29S 


Stool,— 




Length 


• • 


1^417 


1*334 


1^250 


1-250 


1*064 \<m 


Breadth 


• • 


•760 


•667 


•667 


-667 


•667 


•667 


Thickness 


• • 


•396 


•376 


•376 


•376 


•375 


•334 


Quoins. 








^ 








Breadth, Greatest .. 




•8S6 


•792 


•771 


•792 


•813 


•771 


Least 




•542 


•521 


•479 


-479 


•600 


•459 


Length 




2-250 
•563 


2-063 
•663 


2-063 
•563 


1*917 
•621 


1-834 
•500 


1-667 


ThicknesSjGreatest. . 


•479 


Least 




•229 


•229 


•229 


•229 


•209 


•209 


Directing Bars. 
















Length 


7-834 














Breadth 


•760 
•735 


• • 

• • 


• • 

• • 


• • 


t • 
• • 


• • 

• • 




Thiclmess 




Guides. 


• ■ 


Lenffth ..>......... 


3-792 














Breadth 


•3:H 


• • 


• ^ 




« • 


• • 


• • 


Thickness 


•313 


• • 


• • 


• • 


• ■ 


• • 


• • 


• 

Weight of Carriage, Cwt 




16^968 


I3»70fi 


IS'TW 


• • 

11-663 


10*3«6 


9-179 



CAR. 
Vtigbt and DimeEodons of Ganiaon Howitzer Caniages. 



DIUEKS10H8, I 



ShIofHowiwer CwtiMMOO 

BnckeU. 
.-(CMt Iren) 
I*nglh 

Tbiclniesi 

LfingUL -,. -w. 

TUi^k^i^tiV/.'.'.'.'.'.'.'.'.'.'.' '.''.'.'.'.'.'. 

LBngthofBed 

Biudth u 

Lmgtiiof Ann 

Tr^t-Bearis^CBrt Iron). 

Ui^li'.'.'.'.'.'.'.'.'.'.'."' 
WidUiotSnle 

gbtofCtrrlii^CcimiAMi CTt.lllKnol 



lotuiie CtrAtge: 




C.^AO... 


DUtEKSIONS, £Tc. 


1 

1 


1 


1 


1 


i! 


! 


Trail, 

BlMk,- 


SMKH) 
■I 

■flsi 

•82 


i-isi 

'i 

lo-aoa 


17-000 
ISM 

■»ss 

■6V. 

avK 


■8* 

a'ooo 

'B34 
■7« 


■TBS 

■Ha 

I'M!! 


DUOO 

.MO 
l-CM 

su 

■7W 
■7M 

■*w 
I'sai 

WW 




^"""^S^' ' 




Tliickiieu 

Hind,— 

KX:::;;;:::;: 

BrudUl 

Traokl. 
Pore,— 

Siunelfror 

Hob... 
WidlhotSolo 

'DiBmelerof 

WidUiofBole"..: 
'Weight of CuTiage..Cwl. 



S»i£nbiu Caxttap*. 
Weight and Dimenrioiu of Sea-SerHce Gnu Caitiages. 









CA 




.s. 






DIMENSIONS. .«:. 


1 


i^ 


t 


1 
1 


1 

1 


1 

1 


! 


rt*lofSBO....CWt 

Bi>ckcb. 


»-334 
•4* 


0-376 
•SOO 
Ml 

»-87; 

MS 

1-aM 

■B7( 


*000 

s 

-as: 


fl-SO! 
1-3* 

■77: 
41: 


l-WW 

asm 

■too 

■n. 

■m: 
■87; 


I8-000 

■4se 
■tfll 

■MS 

3'DOO 
■M9 

■Ml 


lOiWO 






SS:::::::: 

Thickna... 

'""ip 


4-S34 

ma 

■«!l 

1-M7 
I-3M 


Thicknai 

Thlckna. .. 

'"^npS of Bed, . . . 
Depth „ .... 
Breadth „ .... 

"•W-r::: 

bsSui;; ... 


■»« 

3-000 

■5«a 

■liH 



Weight, etc., S(*-SM»ioe Gnn CaiUmet— continue 


. 




Ciuuo... 


DIMENSIONS, Ere. 


1 


^ 


i 


i 


i 


1 


1 




1 


1 


1 




1 


1 


1 


Fo '^""""' 


-2B0 


'i 


yarn 

-JSO 


-331 
-SOO 


■33i 


i-am 
■saa 

-MOI 


-93) 


BtamBtorof 

WMthofSole..!! 




1>3H. 




■iU! 


■M( 


'1 


I-3M 

-aw 


B,i S'^^B-^- 


















^'™ 


■a* 




■51! 


Sfll7 


S-541 

•SOI 
-33J 




Thioimail"'!;:: 


-334 


^gtt. 




M17 
■SB4 

-am 




WIT 

■we 


■Ml 


l'S9S 




Quoiiu. 
















BK«dai,Gr«Uen.... 




-sa 
■as9 




■6s: 
■Si: 


■i 

■sao 


■*'; 


■(17 




■MB 


DiBtttagaw. 




T'BM 
'HO 
■S76 

IHUD 


13'TSD 






e'Mo 






















0-479 



W«l^ eto., 8e*-Serrice Qun CuilagsB— i»Nli««(d. 



DIMENBIONB, ETC. 


C.IL1..GSS. 


s 


1 


! 


i 


1 
1 


1 


!i 


•Wtlg-blBttiOB...Cwi. 

Top,- 

LengUi 

Dtplh 

Thidmffl... 
ScHUl.— 

feff 


i»«0 


Mtiou 

■35S 

1'64S 
'ie4 


5'37fi 
6«84 

!-B95 

-M 
1-OW 


47-lWC 

i'37; 


HHXKI 
-430 


S-OM 

a-tw 


1-41J 
-3M 

'1 

-STO 

1-000 
-JLB 


Tlilcknea. 

*■'"&» 

DHPlh 

Tbi=k=e« 

"lUnph of Bed. . . 

Sa. : :;: 


> 


m 



CAB. 

Wdgbt, etc., Sea Serrlee Oon Cuilagei — eoaHmud. 





CXHI...... 


DIMENSIONS, «.. 


1 


1 


1 


1 


1 


1 


1 




£ 


i£ 


= 


^ 


1 


1 




d 


i 


£t 


^ 


3t 




i 


Tnuki. 
















f™,- 




























1-SOO 


I'SW 


"hoIb"!! 










■,Mj 


■4m 




VidEhaf Sole 






•MO 










•"*ii.».,. 








IS* 


1-334 


1-SM 


liH 


Hole .. 












■483 




Width af Sole 










■4M 






Stool-Bfub. 
















Bed,- 
















LPDph 












ITO 


tm 


Bre^Ui, erHUc.t .. 






■SH 




-KM 




■m 


Laut .... 








•ftOi 


■NX 




A-tl 


Thiekiiw 






■3M 










atooV- 
















Lmglb 

BnadOi 






■Sft 


IMS 


'1^ 


'^r 


iM 

■MO 










•37S 








Onoin.. 








Brodlh, QroUol .... 










■Tfll 


-fl»j 


■M 


L«ut 








■*i; 






■W 


^i^fc;;«v :: 












{■IMi 


MM 








■901 


■soa 






La.1 






-107 




■107 


-IK 


■1(7 


DltdBliiiE Em. 
















L^gh^ 
















































































iSStt.::::::::;::::: 












" 




TWOneii 




WrigWo(C«ri«e,Owl, 






T^W 


fl«i;i 


MJB 


J 


J-MD 



CAR. 
Weight, eto. SM-Seniee Gnu Carriages — coHtlmttd. 





C.»..«... 


MENSIONS, ETC. 


1 


1 


1 


! 


f 

^ 


1 


1 

1 


Bnokxi. 

•S^ ::::.:::: 

^Length 

Beftb 

iminh 

?at™::;;:: 
""isSf :::■:::: 

TUekoHS 

"»?•'!■* : 

Bmdlli „ . 

Depth „ 

Brecdth „ 
LimgUiDrAnn 
I>i.£n>r „ 


1-00 


20-uoa 

'306 


law 

'334 

1-375 
■334 

■a» 


-4i 


a-aio 

104i 
■37J 


■3TS 
■355 

■ee 

■4M 
'U 

i-om 

■70 


1-4S9 
-334 

■334 

■4M 
'4.D 
•41! 



CAB. 

Weight, etc., Sw-Serriea Gon Ci 



DIMENSIONS, ETC. 


! 


4 
1 


] 


^ 


1 

1 


j 


i 


WidlborSoJe.... 

'" SimoUirof 

Hola.. 
Width oT Boh.... 

Stool-DedL 


1-1B7 

■3*5 

■3M 
I'TOO 

'Its 


■376 

asw 

-171 
'331 

■S« 
■.■«4 


-381 

■S3. 
■SM 

■s 


■371 

■43 

1^1S7 
■334 

■701) 

1-79S 
■*■» 

■isa 
4fla9 


•MB 
'376 

MB7 

1 

■334 
-603 

1-Ta 


■441 

'i 

»37B 

■m 

1-IB7 
■SM 
■3N 

'Stt 
-36« 
l-7Eli 

•ISS 


1 


Bnadlh.OrtUBl. . 




ThickMns".!!"! 
Ouolns. 
SmdUi, anaeu .. 
L«« 


■a 


DiRHUiieBan. 

KT.::::;::::::: 
Sfc::::::;; 

Thiokneu 

WiugMorcuTi»p.Ciit. 


« 



CAR. 



Weight, etc., Sea-Service Gun Carriages — continued. 





Cabriaoes. 


DIMENSIONS, ETC. 


a 
a 

<2 


• 


'a 

§ 

o 


a 


• 

o 


■1 
§ 

1 


• 


Weight of Gun ... . Cwt. 


•26-000 


25^000 


22-000 


•21-000 


•20000 


18-000 


17-000 


Brackets. 
















Top,— 

Length 

Depth 


• • 

• • 


• • 

• • 


• • 

• • 


•• 

• • 


• • 

• • 


• • 


• • 

• • 


Bottonv— 

Length 

Depth 

ThicknesH 


4-834 

1-438 

-334 


4-646 

1^417 

•334 


4-834 

1-417 

-292 


4-605 

1-334 

•292 


4-417 

1-334 

-262 


4*209 

1-334 

-202 


4-000 

1-334 

-292 


Transoms. 
















Lenffth 


1-375 
•855 
•334 


1-375 
•855 
•334 


1-260 
•876 
•292 


1-250 
•792 
•292 


}'250 
•792 

•292 


1-250 
•792 
-292 


1-250 


Depth 

Thickness 


•792 
•292 


Centre,— 

Length 

Depth 

Thickness 


• • 

• • 

• • 


• • 

• • 

• • 


• • 

• • 

• • 


m • 
■ • 
• • 


• • 

• • 

• • 


• • 
■ » 


• • 

• • 

• • 


Horizontal,— 

Length .... 

Depth 

Thickness.. 


• • 

• * 


• • 

• • 

• • 


• • 

• • 

• • 


• • 

•• 
• • 


• • 

• • 

• ■ 


• • 

• • 

• • 


• • 

• • 

• • 


Axletrees. 
















Fore, — 

Length of Bed 

Depth „ .... 
Breadth „ 


1-917 

-Gti7 
-438 


1-917 
-667 
•438 


1-750 
•605 
-396 


1-750 
•60.i 
-396 


1-750 
•6a5 
-396 


1-750 
-605 
•396 


1-750 
•606 
•396 


Hindr- 

Length of Bed.. .. 
Depth „ . . . . 
Breadth „ 


2-292 

•438 
l^OOO 


2-29-2 

-43H 

1-000 


2-167 

-396 

1-000 


2-167 

•396 

1-000 


2-167 

-396 

1-000 


2167 

•396 

1-000 


2-167 

•396 

li}00 


liength of Ann 
Diameter „ 


•667 
•417 


•607 
•417 

H 


-605 
•375 


-605 
•375 


-605 
•376 


•606 
-376 


-605 
•376 



We^Jit, etc., Se* 


Servi 


ceO 


m Cmiiget'-iMUiiuud. 


DIMENSIONS. SIC. 


1 


1 


1 


1 


T" 


1 


^ 




£ 


s 


1 


i 


1 


£ 


1 


Tmda 
















'"X™.„,r^^.. 


■334 


■»» 


':j^ 


■:S 


■r 


■3H 


-3W 


gj^tero/ 

Wldlh»/Si.le...: 


-43 
■3M 


^ 


■HH 


IW* 


■3S 


■38 


l-ODH 


'^•izr"' 


s-san 

■7S 

■as 

■3» 


s-aao 
■aa 


':S 


1-000 


■ssj 

1-00. 


I-nr 
l-o« 




BiHidtti.eniiteit. 

Leut... 

Thiclmw 


-aw 




« 


Thiekiieis 


ftuoiua. 
















—* •JS'^.::: 


■SK 

■m 


'as- 

l-TCN 
-366 


'1 




■S96 


■6« 


■4311 


Sfc™:: 


■US 


DirMlTWBu. 
















Sf^^^::^^ 
















l.crnnh™...; 

Bn^MlH 

TLiAnfsa 
















w*iehiDrcuiii^,Owt. 


3-9ia 


3«Kl| 


3-nB 


s-ua 


3«)I 







, — Carriage, — Cartridge, — Charge. 
ilmeii^oiu, etc, of Eugliih and j^ench C 



.Diuuuer Sue tUug.. 
'imgUi, Fed,. 



^78771 
■038 t 



a-i* 


a-7iii 


:i 


1 


1 


1 


■4il5 


■+iS 


■3W 


i-Ki 


"" 


81K 






■SKI 


IS 


" 


8 



CARTRriWB.— Ck*rgt,—<x»Ttr—HomUrr,-^-CaiT«iuidr. 
Weight, IMmeniirau, cU., ol Field, Siege, Owrifon, 
and Mea-Serrice Camidgei. 







DiimssioHi 




— 










1 








Jln!s.tUi. 


Bmv 


















-f 






i 


1 


I 


1 


fe; t 


Is 


1 




S 


.3 


1 


i; i 


1 


Tl.LD. 






















l-3« 


i-«mi-H 




Tf-m 








ruw 




l-OMl-O* 


so-* 




a-so) 


» 


OPuUUdBT 


3 000 


i-ie 


•»M 


«iW 






3-TlB 


u 




I'Siw 


'0» 


.-fl*9 


■tta. 


M-7a 




«*& 




S.poundw 


■tst 




■m 


■ra. 
-7ai 


r 


ma 


I'UI 


K 






















i-an 


ion 




1*M 


*-S 


w-m 




M 


/■-imi ;,' :: 












ss-uo 


1-aef 


7S 


Sl£0., ZTO. 


















f,M.fmui(ltr 


ii-oo. 




J-1UBI](1» 










ai ;; :;::::; 


8-OU 


I'dS. 
1-3S4 


1-37.11-373 


M-82 


»„ 




ID 




41K» 


1-37* 


l-ara^uans 


n-» 








" " '.'.'.'.'" 


3-IW 


1-DSS 
l'IS4 


■as 


2>5I 


S:?, 


ii 


S4- 


li|.radiHowitzBr . 


iWl'lM 


.-mL,, 


0^1,1 


w 










1-Mi 


.■»,.„, 




wsw 




H 


SEl SMTICB. 
















■10.Iu.hOan 




i-Ja-aK,'=«, 


4081 


aow 




^ 




ia-000 


MW0i-5.Kll.3JJ 












H'OIX^ 


l'3Ufl9-J00'l-^EM4(l<(Kll 










n-uoo 


1^* 


11400 

anad 


i'»l 


a 


1M«1. 




i! 



CAR. 

Weight, eto.. Ordnance C«itriagB«— cwwiimarf. 



- 




i™^,^ 


_^„.^^ 


i 


k™„„. 








Dox 1 










~Ui 


s 




i 


1 


1 


1 


1: 


1 11 


i 












~ 






8U SBavlOE-RH. 
















ySBBto, 


MM 


1-3(N 






[«:Bj^ 








noo 


i-aa 


IBMilflM'wW 


^i^^ 


33 


4-0WIII-OB31DWII1W1I4O1IM 






^ 


3(10..10«1-OW1«»*MW 


IM lie jaw 




t.p«>i»d« 


8-u«> Wi 4071 MiWnn 


B-SM 


U 






IM ee i; tai 






■no 1 H 1 i -W ^^MB 








4-oui 1 ?m 7,1 10 .w-e* 


lUOB 






B-00nl4«4 1J74^13;J«-MI 


B-OW 






46nt lTOil373lJ?a«itw 




M 




40aulin9IJ7S^I37S«lil(l 








3«N1l1»4 13i2l-8»j«Btt 


lao-aas**! 




) PounilEr 


!M<w -i.i6isf3n7s«-69,wa™sHn 


» 






M 


t-Ptmadm- 


SWIl 




,\i 


30 






ao 










IM 


i!m JUj u 










7E 






750 -040 MSia(p(ll4fiBl|lS7 


104 


.P.^r"'"" 




1 1 J _ 




saoi 


\n" ' 




',:■; 


» 






40 


1 






j5 


1 ^ -MfiiMir 




ti. 








' n 


£ 



CAB. 



Materials required to Complete 100 Field, Siege, Gar- 
riaon, and Sea-Swvioe Cartrldgea. 



OKDNANCE. 





Materials. 






^ 


1 


• 


i 


Powder. 



■s, 

I 



Field. 

IS-Poancler 

9 „ 

6-Poimder 

3-Poaxider 

l-Pounder 

S4-Poander Howitzer 

12 »> »» 

[I'ladi „ 

SlEOS AND GaBBISOIT. 

68-Poimder 

38 » 

34 „ 

18 , 

12 „ 

» » * 

6 , 

lO-Inch Howitzer 

8 n a 

Sea Sebyicb. 

lO-Inoh Gun..... 

08.Poander 

SS-Foonder 



4-000 
a-000 

2-000 
1-600 

1-000 
-750 
•626 

.376 

2-500 

1-260 

-600 



11-000 
10-667 
8-000 
6000 
4-000 
3-000 
S-000 

7-000 
4-000 



13-000 

12-000 
9-000 
8-000 
7-000 

10-667 
8-000 



69-00 
60-00 

36-00 
31-60 

27-00 
24-00 
23-26 

21-00 

73-50 
4600 
16-60 



159-00 
165-40 
150-00 
90-00 
69-00 
54 00 
60-00 

118-50 
79-60 



14700 

166-50 
150K)0 
144-00 
133-60 

166-50 
136-00 



-126 
-126 

•004 
-004 

-070 
•062 

-062 

•062 

-125 
•125 
-062 



•250 
-250 
•219 
•188 
-126 
•125 
•094 

•188 
•188 



•250 

-250 
-260 
-250 
•250 

•260 
•219 



18-00 
13-60 

12H» 
6-00 

s-oe 

2-50 
2-60 



400-0 
300-0 

200-0 
I60H) 

100-0 
76-0 
62-6 

37-6 

250-0 

126-0 

5fH> 



UQO-O 60-00 
1068-8 

800-0 

600-0 

400-0 

300-0 

200-0 



TOOOt 
400-0 



1200H)84DO 

1200-0 66-00 
900H) 
800-0 
700-0 

1068«|64-06 
800-e 



28.50 
23^ 
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Materials to complete Ordnance Cartridges — continued. 




Sea Sbbyicb— conttmied. 
33-Potmder , 



94-Poaiider 



18-Pounder 



IS-Pounder 



&.Poim(ler 



0-Foaiuter 



Cabbonadss. 

6S.Poand«r 

48 » 

S * 

« » 



6000 


126-00 


•188 


6000 


117-00 


•188 


4000 


66-00 


•140 


3000 


66-00 


-140 


8-000 


16O-0O 


-219 


7000 


144-00 


•219 


6*(:00 


139-60 


-188 


6000 


81-00 


•167 


4.000 


72-00 


-140 


6-000 


9000 


-188 


4.600 


60-00 


•125 


4000 


67-00 


•126 


30O0 


64-00 


•125 


2000 


46.00 


•004 


4-000 


69-00 


•126 


3-000 


6400 


-126 


2-000 


36-00 


•094 


3-000 


60-00 


•136 


2-250 


4600 


•094 


1-600 


36.00 


•079 


2-000 


36-00 


•094 


1-600 


31-50 


•094 


1-000 


27-00 


•079 


6026 


90<» 


•167 


3-600 


72-00 


•141 


2-626 


60KX) 


•126 


2000 


64-00 


•125 


1-600 


42-00 


•094 


lono 


36-00 


•004 


•760 


21-00 


•008 



6000 
6000 
400-0 
300-0 

800O 
TOOK) 
600-0 
50O-O 
4000 

600H) 
4/jO-O 
400K) 
3000 
2000 

400-0 
300-0 

aooH) 

300-0 
2260 
160-0 

200O 
J60H) 
lOOH) 



662-6 
360-0 
262^6 
200-0 
1600 
lOOO 
76-0 
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OAnbbal Table of Miuquet, Carbine, Bi£6, and Fisial 
< Cartridges. 



mmam 



DIMENSIONS, ETC. 



Chaboes. 

x'i'OOX ••••«• ,••••• 

Service . . . .' ; . . . . 
Exetcise \ 



. drs. 






FOBMERS. 

Length of Body 

Hamlle 

Diameter Greatest 

Depth of Hollow! . . ! 

Papebs. 

Forming, — 

Length 

Breaidth, Greatest 

Least . . 

Cut from a Sheet 

Packing, — 

Cut from a Sheet 

Package. 



In a Bundle . 
Box .., 



Weight. 



Cartridges . . 
Box, Empty 
Fiilc-a 





Carbineti 


«: 


£ 


*» 


c 


o 


V . 


s 


n 


^ £ 


3 


« 


II 


^ 


a . 



Arms. 






Pistol. 



c 

V 

S 

P3 



10 
1000 



93 818 

12-250 

160-18^ 



23-834 15000 
«-0UO 4-000 5-500 
6-000 4-000 4-500 



•438 -425 -438 

•055 •OOS -055 

-055 -050 •(»55 

•054 -049 -054 

•017 -015 •Ol? 



•442 -429 ^442 

•5% •SOO •590 

•313 -217 '313 

12 IG 12 

6 



10 10 

1300 1080 



85-025 97-250 
12-250| 12-250 
98-1881109-025 



4-000 
4^000 



•425 
-063 
•050 
•049 
•016 



•429 
•500 
•217 



I 

•—4 



16 



10 

1300 



85-625 
12-250 
98-313 



3000 
3000 



-426 

063 
•050 
-049 
•015 



•429 

•500 

•217 

16 

6 



10 
1500 



94-500 

12^250 

100-938 



3600 
S-OOO 



•438 
•055 
•056 
•054 
•017 



•44S 
12 



10 
1960 



111-600 

12-250 

123-876 



Note. — The nbape of the forming paper is that of a rl^t «n^ed 
trapezoid; and, by the length given above is to be- understood, the 
distance between its two parallel edges. 

" The senrice charges given in this table, although 
established by atithority, are too great, and might he 
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adrantageously reduced by about <me*fourth. They 
have not been altered unce 1775, while the strength 
of the powder has been increased in nearly a two-fold 
ratio since that period." 

Husn'ote was written in 1828 and published in the 
first-and second editions of this work. The charges 
established in 1836, for the new pattern arms — which 
are all of musquet-bore — are, for the musquet 4^, for 
the carbine 3^^, and for the rifle 2i drams. Pistols 
are no longer in the service, except for the navy, and 
the coaiBt guard. 

The implements required, are : — 



Scissors, pairs .... 3 

Knives, Long 1 

Short I 

Formers 2 

Choakers 2 



Bobbin Spikes 4 

Filling Boxes 2 

Sieve Bottoms 1 

Measures. 1 

Funnels 1 



With these implements two tnen, or two experienced 
boys, can form, and pack, into bundles, about 1000 
musquet carUidges a-day, — the day being reckoned at 
10 working hours. 

Musquet, etc. ammunition was usually packed, dur- 
ing the late war, in half or quarter barrels, and 
transported in two-wheeled carts. It is now packed 
in xleal boxes and carried in limber-waggons, so con- 
straeted as to carry each twenty boxes, namely, eight 
on the limber, and twelve on the body of the waggon. 

3oth these changes are great improvements, but the 
construction of the limber is faulty. The exigencies 
of the service may occasionally require that the limber 
sliotQ^' be disengaged from tne body of the waggon, 
to' be "sent forwaTO, at a rapid rate, to any point where 
H iufpply of anraiunition may, on the instant, be re- 
quired. It should therefore be so constructed as to 
oottrey, at the same time, two men to serve out the 
eartridges^. - 



MATERIALS. 



Iti^. 

ItaliliTbnid 

fuUna Twins 

¥i|ier. Fi«WhiM... 
„ WbJted BMWD 



■■RT6 d^ 



S(»iw3O-0Oo'M«8 



Tbe above are ihe exact quantities of eacL article 
required. A trifling aliDwance must be made fei 
waste of paper, in fonning and packing the cait- 
ridges, as also for Dutch thread or twine. 

ChaWbeh.— Ghtn, — Havii tzer, — Mortar, — CarronaJt. 
tt has been found bj expeiiment that uhaimben 
have no sensible effect on the relocity of fihot, unleta 
in the laisest description ol' ordnance, neither is the 
form of them rei'^ material, though matheoiaticsl 
speculations may shew a preference of one fbnn 
over another. A small cylinder is as good as any. 
The chief points to be attended to, in practice, ue, 
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that the capacity of the chamber shall be just 8uf* 
ficient to contain the charge and no more, — that 
the projectile shall lay close to the powder, — and 
that its centre shall coincide with the axis of the 
charge. 

In the year 1787-9, experiments were carried on at 
Woolwich with an ^inch mortar, and four shifting 
chambers, to ascertain which form would give the 
longest range. The forms of these chambers were,^— 

1. Conical, with hemispherical bottom. 

2. The same form roTersed. 

3. Cylindrical, with hemispherical bottom. 

4. Spherical. 

They were all of the same capacity, namely, 63*7 
cubic inches, and contained a charge of 2 lbs. of 
powder. 

The ranges were a medium of six rounds, and from 
them it appears, that the spherical chamber, with a 
full charge, hafi the advantage; — but that with 
gmaller charges, its ranges are shorter than those of 
the other forms. The conical chamber (No. 1) was 
found to give the longest range under all circum- 
stances. The result of subsequent experiments, proves, 
that a parabolic chamber and lodgment is preferable 
to any other. 

1. To find the Content of a Cylindrical Chamber. 

To the length of the cylinder, add | of its diameter, 
and multiply Uiat sum by the area of its circular, 
section for the content. That is, — 

(L-f-fD) X D?n = C.— 

L, length of the cylinder;— D, its diameter; — 
n, *7854 ; — and C, the content of the chamber. 

The length or depth of a cylindiioal chaml^r} nfA in- 
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eluding the depth of the hemispherical end, being 7, wbA 
the diameter, d'4 inches, required its content? 

Here, (L + il>) x D^n = 88 X 522-902 = 301*538 CubioinebM- 

2. To find the Content of a Gomer Chancer. 

To three times the product of the two diameters, 
add the square of their difference, and multiply that 
8um hy i o( the length or depth of the chamber for 
the content. That is, — 

(3.Dd + n XiL=:C.— 

D, d, diameters of the chamher; — and }, their 
difference. 

The diameters of a gomer chamber being respectively 
8 and 4, and the depth, 10 inches, required its content! 

Here, (3. D d +5 2) x |L = 112 X 2*5 = 280 Cubic inches. 

3. To find the quantity of Powder a given Cham- 
ber will Contain, 

Divide the content of the chamher, computed by 
either of the foregoing rules, in cubic inches, by 30, 
and the quotient w ill be the quantity of powder is 
pounds. 

The content of a gomer chamber bemg 285 cqInc 
inches, required the quantity of powder which it will 
contain ? 

Here, 285 ^ 30 = 9-6 lbs. 

Charcoal. — Composition, — Gunpowder. 

A black, insoluble, inodorous, insipid, brittle, ve- 
getable substance ; an excellent conductor of elec- 
tricity, but a bad conductor of heat : unchangeable 
by the combined action of air and moisture at com- 
mon temperatures, aiid easily combustible in oxygen 
gas. When pure, it is perfectly insoluble at 
known temperatures. 
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Charge. — Cartridge, — Proof, — Bomb-Vessel. 
General Table of Charges for Field, Siege, Garrison, and 
Sea-8ervioe Ordnance. 




Field. 

12-Poander 

» n 

ft-Pounder 

3- Pounder 

l-Poonder 

94-Por. Howitzer. . 
** >» ■ >i . . 

SXBOR, STC. 

68.Poiuider 

2! » •• • 

fe ;; :::: 

12 „ .... 

9 „ .... 
« n 

KVInch Howitzer 
® ** >» 

Sea Service. 

lO-Inch Qua 

68-Pounder ,... 

t aS-Pouxider .... 



6000 
3-600 

3-000 
2-UOO 

1-500 
1-000 
1-000 

1-000 

3ono 

1-600 
•600 



4-000 
3-000 

2'0L\Q 
1-600 

1-000 
-760 
•026 

-376' 

{ 

2-500' 

1260; 

-600. 



18-000 

aiooo 

18-0()0 

16000 

12000 

0000 

6000 

12-000 
8-000 



18000 

20-000 
18-000 
14000 



121-600 



11000 

100f»7' 
8-(M)0 
0-000 
4:000, 

:)-wio 

2-000 

7-000 
4-000 



21 -6Q0 10-667 



10:0071 



12000 

12000 
9 00(» 
7-000 

8*onoid-ooo 

8H)00m-<K.Q 



12-000 



6-000 
4-000 

6*000 
.6-000 



6000 



4 

•3'(J00l 



1800 
13-60 

13-00 

0-00 

600 
3-00 

2-60 

260 

13-60 
6-60 
2-60 



OOHK) 
6600 
60^00 
42-00 
34-00 
28-60 
23-00 

10-00 
-20-00 



84 00 



66-00 

50000-00 

60-00 

64-00 



2:750 
2:760l66-fia 
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Chugea ha Field, etc., Ordouice — coNlimwI. 



M-PouudoT 

Cabbokidm. 






S '.'. 



l-HWlS-OWP 



wwJm 



mi-mS'J 
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Obsbrvations on the Charges of Ordnance. 

I have inserted, in ibe preceding; table, the charg^es 
of naval ordnance, thouffk I do not profess to under- 
stand the principle on wnich those cnarges are deter- 
mined. Iney were established in 1832 — 3, preTioos 
to which period all iron guns were similarly chained, — 
bv one-third of the weight of the shot. By this 
cnange a step has been made in advance, but only a 
step, and I think I may venture to assert that, at no very 
distant date, this vitally.importaht subject must again 
become matter of serious investigation with those on 
whom the duty and responsibility of maintaining pur 
maritime superiority devolves. J n the meantime, 1 here 
republish the observations appended to this article in 
the two former editions of this worL 

The service charges of guns vary from one^third to 
one-fourth, or even less, and, for carronades, from one- 
eiffhth to one-sixteenth of the shot's weight, f n most 
orainarv cases of service this proportion is too high, 
especially for naval ordnance. If the charges of ship 
guns were reduced to one-fourth, or even to one-fifth 
of the shot's weight, experience proves that consider- 
able advantage would result; not only would the 
ffons be kept cooler and quieter, and the ammunition 
be economized, but the injury to the enemy's vessels 
would, at the same time, be much greater. With the 
present charges the guns are overheated, and their 
tackle and furniture strained; and this, only to render 
the ball less efficacious than it would prove if it were 
impelled by a smaller charge. 

ju breaching walls, which cannot be penetrated by 
a single shot from any given piece of ordnance what- 
ever, the velocity of the ball, how much soever aug- 
mented, still produces a proportionate effect by aug- 
menting the depth to which it penetrates. But the 
sides of the strongest ships. — the greater part of their 
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timbers being of limited thickness — are insufficient to 
resist tbe generality of shot fired from a reasonable 
distance, even with a less charse than is here ptp- 
posed (\\ And it is matter or experiment that a 
ball, which can just pass through a piece of timber, 
and loses almost all its motion thereoy, has a much 
better chance of rending and fracturing it, than if it 
passed through with a much greater velocity. 

Robins, from whose works the above remarks are 
principally extracted, further observes that the charge 
of a piece of ordnance is not to be determined bv w 
greatest velocity that may be produced, but that it should 
be such a qiumtity of powder as will produce the least 
velocity necessary to the object in view; and, if the 
windage be moi^rate, as it is at present, no field gun 
should be loaded with a greater charge of powder t£an 
one-sixth, or, at the utmost, one-fifth of the weight 
of its shot; nor should the charge of any battering 
gun exceed one-third of the weight of its shot. 

Dr. Button, in his paper published in the Philoso- 
phical Transactions for 1778, observes that diffSnent 
charges of powder with the same weight of ball pro- 
duce difierent velocities in the ball which are in die 
sub-duplicate ratio of the weights of the powder; and, 
when the weight of the powder is the same, and that 
of the ball varied, the velocity produced is in the re- 
ciprocal sub-duplicate ratio of the weight of the baU ; 
wnich is agreeable both to theory and practice. But 
this is on the supposition that the gun is of an indefinite 
length : whereas, on account of the limited length of 

^1.] On the 2nd January, 1838, an experiment was made in the 
practice ground, with a 24-pounder iron gun, of a7 cwt. 2 qrs. 11 lbs., 
mounted on a sea service carriage with breeching, etc., to ascertain 
the effect of its fire on a bulkhead, representing the sides of a tidf 
of the line, at a range of 1 250 yards. The charge of powder was 5 lbs. 
the elevation of the gun, 2| degrees, the recoil was by no means vk^ 
Jent, and the fifth shot fired— the only one which stiiMk the d^eefr- 
pasaed through one side of it, and penetrated into the other a dejpth 
equal to its simi-diameter. 
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guns, there is some vibriatioii £rem this law, in prac- 
tice as well as in theory, in consequence of which it 
appears that the velocity of the ball increases with 
the charge only to a certain point which is peculiar 
to 6ach partioidar gun, where the yelocitj is greatest, 
and that, by farther increasing the charge, Uie velo- 
city further diminiflhes till the bofa is i^aite full of 
powder. 

By an easy flaxicqiary process, it is f<mnd that, call- 

hig the lene^th of the gun's bore B, the length of the 

v-thazge producing the greatest velocity ought to be 

B 

3-718281828, 

or, about three-eighths of the length of the bore ; — 
' bot, fbt several reasons in practice, the length of the 
cbaige producing the greatest velocity falls short of 
. that above mentioned, and the more so in proportion 
aa the gun is longer. Dr. Hutton found from many 
experiments that the length of the charge, in terms 
of the bore, producing the greatest velocity in guns 
of various lengths of from 15 to 40 calibres was as 
follows : — 

liengthof bore.. 15 Length of charge., i^ 
» » *^ >» » tV 

» » ^ » >» "nr 

Cheva«x-de-Frize. — Fortification, 

Weight and Dimensions of Chevaux-de-Frize. 

(Old Pattetn,— Wood.) 

Length of the Spears. ....... 6 Feet Inches 25 

.„ „ Bwr^ 9 „ 5 „ \^ 

Square „ „. „ 4 „ J 

Wdght, with 20 Spearsi eomplete. • . . 55%. 

I 
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Chbvaux-de-Frize — amlmued. 

(New Pattera^—IroiL) 

Length of the Spears 5 Feet 9 Inches 46 

„ „ Barrel 6 „ „ K^ 

IMameter „ „ „ 4 ^ J 

Weighty with 12 Spears, complete 66Bi 

Composition. — Bhue-LighU^ — Corcccet, — FuMm. 

When two or more proportions are given for aay 
of these compositions, the first is that recogpnsed bj 
authority. 

On the Properties of the Ingredients usbo 
IN Laboratory Compositions. 

Gnnpo^vder, both coarse and mealed, is a prindpal 
ingredient in most compositions, its property is to 
give additional activity to the fire. — Mealed-powdcr, 
however, does not produce this effect in an equal 
degree with that which is coarse-grained. 

The property of nitre is to slacken the fire; of 
sulphur and charcoal to sustain it. 

Rosin, pitch, tar, oil, and tallow feed the fire, in- 
crease its intensity, and prolong its duration. 

Alcohol, turpentine, and other spirits are employed 
solely to moisten the composition in mixing. — Anti- 
mony and camphor to produce a clear, and orpiment 
a pale blue flame. 

BAVINS:— pot, transfer the liquid to a 

Sulphur 90 lbs. copper, add the powder, and 

go^.<*e' 1^ " ^^ *^® composition tin tbe 

tS^'. WWV.W.V. 6 IJ ■ incorporation is complete. 

Swedish'Pitch 60 „. iVbfe.-.Thi8 compositioB 

Pulverize the Powder, is also used for dipping Cur- 

dissolve the sulphur, rosin, tains, Coyers for Fiie-Bar- 

pitch, and tallow in an iron rels, and Reeds. 
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BLUE-LIGHTS T"- 
Solphor ........ I'tb. 12 oz. 

Pi 1(3*6 ..... . m t t ff ^ ft 

Bad OipiDMnt . . „ 8 „ 

Kitre 2nto.4oz. 

Sulphur „ 8,, 

Antmiooy „ 4 „ 

Omiment ..... f, ^k *» 

FolTerize the ingredients, 
mb them between the hands 
fcr aboat ten minutes, and 
pass them foor times ttirough 
a fine hair, sieve. 

CAJRCJSES:— 

Nitre 6ms.4oz. 

Sulphur 2 „ „ 

Aatismmy „ 10 ,, 

"~ * 1 14 

„ 10 „ 



TaUow 



TmpeatiBe 



„ 10 



tt 



Nitre 6Ib». 

Corned-Powder 30 „ 

Swedish Pitch 12 ,, 

TaUow 3 „ 



Nitre SOparts. 

Suitor 25 

Antunon J 5 

Bosin 8 

Pitch 5 






ff 



f* 



NitK snts. ooz. 

Suhphnr 2 „ ,, 

'^^ „ 8„ 

1 » 0„ 



Antmumj 

Bosin 

Tallow „ 8 „ 



Pulverize the dry ingre- 
dientSy mb the nitre and 
solpimr, or nitre and pow- 
der, between the hands for 
ten minutes, and pass them 
thnrngfa a hair sieve. Rnb 
the antimony and rosin be- 
tween the hands in like 



manner, and sift fliem over 
the nitre and snlphnr, or 
nitre and powder, and pass 
the whole four times thnmgh 
the sieve. Melt the pitch or 
tallow in an iron pot, trans* 
fer the liquid to a copper, 
add the dry ingredients by 
degrees, and stir the com- 
position till the manipula- 
tion is complete. 

CHINESE LIGHTS:^ 

Nitre 50 parts. 

Sulphur Iff „ 

Antimony 5 „ 

Qrpiment 8 „ 

Polvefize the ingredients, 
mb the nitre and antimony 
between the hands for five 
or six minutes; rub the sul- 
phur and orpiment between 
the hands in like manner; 
incoporate these two com- 
pounds, hy rubbing them 
between the hands for ten 
minutes, and pass the cam- 
position four times through 
a fine sieve. 

FIRE-BALLS:-^ 

Kitre 4Ibs. 6oz. 

Sulphur 3 „ „ 

Powder 8 „ „ 

Alum 1^8^ 

Starch „ 8 „ 

Rosin 5 „ 8 „ 

LinaeedOil Ipint. 

Oil of Spike I „ 

Pulverize the dry ingre- 
dients, pass the nitre and 
sulphur through a hair sieve, 
sift the alum, ptaxch, and 
i2 
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rosia over tiiem, and pass 
the whole three times through 
the sieve; moisten with the 
oily and work ihe composition 
between the hands till the 
manipulation is complete. 

FIBE-BASBXLS:— 

Kitre 61bs. 

Corned-Powder 30 „ 

Tallow 3 „ 

Swedish Pitch 12 „ 

Pulverize the nitre; spread 
the powder on a table, sift 
the nHre over it, and rub 
the two between the hands 
fur about ten minutes, melt 
the pitch and tallow, add the 
nitre and powder by degrees, 
and stir the liquid till the in- 
corporation is complete. 

FIBE-BOOPS:— 

Nitre 3 Itis. oz. 

Sulphur „ 8 „ 

Powder 1 ,, „ 

linseed Oil ^pint. 

Pulverize the dry ingredi- 
ents and pass them four times 
through a hair sieve; moisten 
with the oil, add four ounces 
of roll sulphur, moderately 
brtiised, and work the compo- 
sition between the hands till 
the maiiipulation is complete. 

Note. — This composition 
is also used for Fire-Arrows 
and Fire-Lances. 



Nitre 40 

Sulphur 16 

Powder ao 



91 



% 



FUZES:— 

Nitre 3IDs.4oz. 

Sulphur 1 „ 

Powder 2„ 12 



If 



Pulverize the ingredients, 
rub them between the h^v t^^ 
for .ten minutes, and past the 
mass four times through a 
fine hair sieve. 

The following blincl-fire oo»- 
position is sometkoes used 
in driving fusses. 

Powder IdpattBL 

Wood Ashes g^ 

Pulverize the powder, le- 
bake the ashes, sift them 
over the powder, rub the 
mixture between the ^*»r*^ » 
for ten minutes, and pass 
it four times through the 
hair sieve, 

KITT:— 

^^i^ •••• 91bs. 

Pitch 6 

Tallow 1; 4 " 

Bees' Wax ..* « " 

......... u J, 

Bruize the ro6in, and dk- 
solve the several ingredients 
in itn iron pot. When used, 
the composition should be 
re-heated, but not boiled.^ 

LIGHT-BALLS : — 

Nitre 61*8.5oz. 

Sulphur 2 ,^ 3 

Bosin 1 

Linseed Oil o 71 

Nitre 40parts. 

Sulphur 15 

Antimony..:.,:::; 3 " 
Pitch 3 
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PalTeruse the dry ingredi- 
eata, rub them between the 
haxids for about ten minutes, 
and pass them four times 
through a hair sieTe. Boil 
the oil or pitch, add the dry 
ingredients by degrees, and 
stir the composition till the 
incorporation is complete. 

POBTFJRESi^ 

Nitre 1 6 tbs. 

Sulphnr S „ 

Powder 1 „ 

Nitre 00 parts. 

Sulphvr 40 „ 

Powder 80 „ 

Pulrerize the ingredients, 
rob them between the hands 
for about ten minutes, aad 
pass the composition four 
times through a fine hair 
siere. 

Note — Sheets of soft brown 
paper dipped in a solution of 
Aitre and rain water,— ^ two 
ounces to a gallon,— dried 
and rolled into sticks seyen- 
tenths of an inch in diam- 
eter, were used at the Siege 
of Gibraltar as a substitute 
for portfires. 

QUICK-MATCH — 

Cotton Wick .... 1 ID. 12 oz. 

Nitre 1 „ 8 „ 

Powder 10 „ „ 

Alcohol 2 quarts. 

Kain Water . . . . 1| „ 

Pulverize the dry ingre- 
4ieiitS| pat the.imce; iato a. 



clean copper pan, unwind 
the cotton upon it, add the 
water, and boil for an hour. 
Add the alcohol, simmer the 
liquid and cotton orer a slow 
fire, for a quarter of an hour, 
add one -half of the pow- 
der, and leave the cotton to 
soak for twenty-four hours. 
•—Wind the cotton on a 
reel, sift the remainder of 
the powder over it, and 
leave it to dry for about 
ten days. 

MOCKETS:-^ 

Nitre 4nte.4oz.. 

Sulphur „ 12 „ 

Charcoal 2 „ ,, 

Nitre .....^,.«... 4nH.0oz. 

Sulphur 1 „ „ 

ChanJoal 1 „ 8 „ 

Pulverize the ingredients, 
rub the nitre and charcoal 
between the hands for ten 
or twelve minutes, add the 
sulphur; pass the composi- 
tion four times through a 
coarse hair sieve, and rub 
again between the hands till 
the manipulation is com- 
plete. 

STARS:-^ 

Nitare 8 lbs. oz. 

Sulphur 2 „ „ 

Powder „\8„ 

AntibioBy 2 ,, ,, 

Isinglass ,,31,, 

Alcohol Ipmt. 

» « 



CON. 



FolTBriEe fhe dry ingve- 
dlents, diuolTa the Mn- 
glais in the yinegar orer 
a clear fire, rub the nitre, 
mlphnr, powder, and anti- 
mony between the hands 
for about ten or twelve 
minntes, and pass them 
four times through a hair 
sieye. Four the dissolved 
isinglass and alcohol into 
an earthen pan, add the 
dry ingredients, and work 
the composition .into a stiff 
paste. 

ISMOKE-BALLS :— 



Nitre........... in.Ooz. 

Corned-Powder .. 6 „ „ 

Sea Coal.- I » ^ ft 

Swedish Pitch... 2 
Tallow......... 



» » 



tt 



% 
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Fulyerize the nitre and 
sea coal, bruize the powder, 
spread it on a table, and 
sift the nitre over it Rub 
these ingredients between 
the hands for a few seconds, 
spread them on the table, 
and sift the sea coal over 
them ; dissolve the pitch and 
tallow in an iron pot, add 
the dry ingredients, and stir 
the liquid till the incorpo- 
ration is complete. 

Note, — In filling the 



eaaei,Bdd tbree praporttoos 
of the followiiig diy o&m- 
podtion: — 

Sulphur los. 

Sea Coal 1 „ 

One proportion wh«n the 
case is one quarter filled, 
another when half filled, 
and the third when three 
quarters filled. 

SUFFOCATINQ POTS:- 

Nitre* 5 parts. 

Sulphur 6 „ 

Fulverizethe ingredienti, 
rub them between thehuids 
for a few seconds, and pass 
them four times throq^ a 
hair sieve. 

F. COMPOSITION,-^ 

Nitre dihs. Sos. 

Sulphur 1 >, 12 „ 

Antimony 1 „ S „ 

Bosin „ 6 „ 

Pulverize the ingredientB, 
melt them in an iron pot, 
and cast the comporitian 
into moulds. 



Note. — The moulds vary 
in diameter with the fhze- 
holes of the shells in which 
the composition is to be 
used, and are in general 
about six inches in length. 

Convoys.— H<w««, — Marchings — Beconnoitering, 
The rate at M^hich a convoy can travel must de- 
pend on the mode of transport, the state of the 
roads, and the season of tbe year — whether by land 
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or by waUf; If by land, irbetber by iBarria^es; by 
blit^norses, mules, or asses. If by carriages^ whether 
they are. drawn by horses, mules, or oxen. Trans- 
port by water is at all times to be preferred to that 
by land, prorided the period for the commencement 
of the intended operations is not thereby delayed 
beyond the time originally proposed. 

A principal object to be attained in the marching 
of a convoy, is, the preservation of the cattle. If a 
convoy should consist, therefore, of many hundred 
waggons, it should be divided into divisions not 
exceeding 500 each. If of thousands, it would be 
advisable to divide it into grand divisions, and these 
into sub-divisions of 500 waggons each. In the 
.£>rmation of these several divisions, the different 
modes of transport should be kept as distinct as 
-pasdble: neither should carriages of diverse kinds 
be admitted into the same division. 

The departure of the several divisions, on the 
days of marching, must also be so timed as to en- 
sure to each the longest possible period of rest; by 
which means, both the escort and the cattle will be 
saved much unnecessary fatigue till their immediate 
turn to move. 

1. To find the Time required to Drive Off a 
given Convoy, 

Multiply the number of waggons in the convoy 
by the rate of travelling one mile, and divide that 

Sroduct by the number (ex. gr. 100) in a mile, for 
lie time required. 

A division of 500 waggons can travel at the rate of 
two miles an hour. Required the time that will elapse 
between the driving off of the first and last of theml 

H««,SSJJiM±JS?=S|Htf^ 
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% To ^ th Time m Camay wiU ftfmkiU 
Drmod a ghm Diftanee, 

Compute the time the conToy will occupy in dri?uDig 
off, by the preceding nile, and that time, plus the 
time a single waggon takes to tiavel the gi?en dis- 
tance, will oe the time required. 

A wmYOj of 1400 waggons can trayel at tlie rate of three 
miles an hour. JEleqaiied the time it will oqou]^ in tia- 
velling a distance of 30 miles! 

Here, G«22jLM±i!!? + 10 = 16 Hours. 
CJO 



The aboTe conyoy is divided into three diTisions of 500 
waggons each, and the Ist division commances its maith 
at d p. M. Required the hours at which the other divisions 
should, respectively, be ordered to asaemUef 

Here, Mili!n±i2? = 11 Horns. 
60 

•.•5 + l| = 6|;and6| + l| = 8i. 

The 2nd division should therefore be ordered to as- 
semble at precisely 20 minutes before 7, and the 3rd 
division at 20 minutes past 8 p.m., when they should 
instantly take up the line of march. 

The escort should be divided into front, centre, 
and rear guards, besides the flankers, who should 
never be beyond musquet shot, or at most, four 
hundred yards from each other. The several divi* 
sions of the convoy should also be numbered, and 
should each day change the order of their marching. 
Whenever the progress of a division is arrested by 
the breaking down of a waggon, or by any other 
obstacle, all those in rear of the stoppage should 
immediately drive up into the first open space, and 
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tliere remain until the cause ef tlie delay is re- 
moved. This will keep the convoy together, and 
better imder the protection of the esport. 

Cordage. — Exereisej-^MateriaJU^ — etc. 

The weights, dimensions, etc. of the principal 
descriptions of cordage are given, from actual 
experiments, under the respective heads, Cables, 
Hawsers, and Ropes. The following approximative 
ni\e9 will be found sufficiently accurate for all prac- 
tical purposes, in computing the weight, streogth* 
etc. of any of the intermediate sizes. 

1. To find the Weight of a given JRope. 

Multiply the length of the rope, in fathoms, by 
the square of its circumference, in inches, and divide 
that product by 480 for the weight, in cwta. 

Kequired the weight of 100 fathoms of 5f Inch ropel 

3 100x33:0ffi6^g.ggT^^ 
' 480 

2. To find the Weight a Rope will Support 
without Breaking, 

Divide the square of the circumference of the 
given rope, iu inches, by 5 for the weight, in tons. 

Beqaired the strength of a 6.inch rope, or the weight 
which it jrill sustain without breaking I 

Hew, = 1^ :? ? = 7-2 Tom. 
s 5 6 

3. To find the Size of a Rope to Sustain a 
given Weight. 

Multiply the given weight, in tons by 5, and take 
the square root of the product for the circumference 
of the rope, in inches. 
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Required the Bize of a rope to tustain 6 tons wi&oat 
breaking f 

Hera, = (0x6) = (90) = 5*48 Inches. 

On the Strength of Cordage. 

By a series of experiments on tarred, and wbite, 
or on tarred cordage, M. Duhamel has obtained the 
following results : — 

White cordage in constant use is one-tbtrd more 
darable than the same cordage when tarred; it re- 
sists the ordinary injuries of the weather, one-foarth 
longer, and, when laid up in store, retains its strength 
for a much longer period. 

The ohsenrations of seamen confirm these results of 
direct experiments, but it has been invariably found 
that tarred cordage is stronger than white, when 
the latter is exposed to be wet and dry alternately. 
Tarred cordage is therefore chiefly valuable for 
cables and ground tackle. Cordage superficially 
tarred is also found to be stronger than the same 
cordage when thoroughly tarred, and it resists better 
the alternations of the weather. 
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An experiment was tried in 1805, to determine the 
comparative advantages of teak and common tar, 
when applied to cordage. The ropes on which the 
experiment was made were prepared frci the same 
yams ; they were each three inches in circumference, 
and they were laid up in the same store till 1807, 
when, — 

The rope to which the common tar had been applied 
broke with a weight of 3,848, and the other with a weight 
of 5,980 lbs.— 

The advantage is, therefore, as three to two, in 
favour of tar made from teak. 



DisPABT. — Carriage, — (?ini, — Tangml, — tie. 

IMipart, Tuigeut, Me. of <>aiu,> UowlBaii, uid Car* 




Diipart, Tangent, etc. 
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Distances.— Z^wWtiig, — Se/Uttd, — etc. 

The heights and distances of inaccessible objects 
are usually determined by the mensuration and 
protraction of lines and angles. 

If the angles enter into uie problem, the lines are 
computed by trigonometry, and, in this case, a 
table of sinesv tangents, etc., is absolutely necessary. 
The measure of the angles, however, may be dis- 
regarded, — in this case, the lines are computed by 
the geometrical property of similar triangles. 

Application of Geometry to the Mensuration 
OF Heights and Distances. 

PROBLEM L^To determine the Length of a Line 
accessible only at one Extremity. 

Let it be required to determine the length of 
the line A F, (figure i£) the extremity F being 
inaccessible — 

With a cord, or measuring tape, the longer the 
better, trace the line A B, in continuation of F A, 
— ^Trace also A D, eqna^ to A B, in any convenient 
direction, and lay down B C, CD, each equal to 
A B or A D, which will complete the rhombus 
ABC D. — Mark the intersection of the imaginary 
line C F with A D, and measure A £, £ D. — ^Then,^ — 

ae X c d _ ^ p. _ 

DE 

Required the distance between F, the interior crest of 
a ravelin, or bastion, and A, the pr<^[K>8ed site of a 
ricochet or enfilading battery } 

ff«^, AExCD ^ 80xl00 ^4^V,^, 
DE 2U 

PROBLEM II.-^To determine the Zenyth of an 
inaccessible Line. 

Let it be requiied to determine the lengtli of the 
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line G H, (figure 3) both of its extremities Mag 
inaccessible. 

Lay down the rbombus A B C D, as in tbe pre- 
ceding problem, directing the sides A B, A D, to &e 
extremities G and H, of the given line. — Mark the 
intersections of the imaginary lines B H, D 6, mth 
C D, C B, and measure E F.— Then,— 

C£ 

Required the distance from G, the flank of an enemy's 
encampment, to H, a detached work, or other intreneli- 
ment? 

H««, £lii.^ = :*2^JL»> = 600 Tarda. 
CE 90 

PROBLEM TIL— To determine the Height qf t» 
Object accessible at its Base, 

Let it be required to determine the height of the 
object £ D, (figure 4) the base D being accessible. 

Set up a staff of known length, A B, and measure 
B C, the extent of its shadow, — measure also D F, 
the shadow of the object — ^Then, — 

BC 

Required the height of the revetment D E, or other 
obstacle which it is proposed to escalade ? 

Here, ^ ^ >< ^ ^ = ^^ >" ^ .= 25 Feet. 
BC 12 

PROBLEM IV,— To determine the Height of an 
inaccessible Object, 

Let it be required to determine the height of the 
object A B, (figure 6) its base being inaccessible. 

Set up a staff at C, and another at D,^mark the 
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intersection of the horizontal plane C B, and staff 
D £, — mark also the intersection of the Tisual line 
C A with D £, and measure C D, D E.— Then,— 

CB X PE _ ^ J _ 
CD 

Required the conmiand of the terreplein A, orer the 
ground at D, the proposed site of a battery f 

Here, CBxPE^ 1800x3 ^gyp^t. 
CD 200 

Appucation of Trigonometry to the Mensuration 
OF Heights and Distances. 

PROBLEM I,— To determine the Length of a Line 
(oblique to the horizon) accessible only at one Extremity, 

Let it be required to determine the length of the 
oblique line A 6, (figure 6) the extremity h being 
inaccessible, and the height A C known. 

Obserre the angle of depression DAB, equal to 
the angle of elevation A B C — Then,— 

AC xsec. CAB=A B.— 

Required the range or distance of an elevated battery 
A, from a vessel B, at anchor, — the command A C oif 
the battery being 160 feet, and the angle of depression 
DAB, 15 Degrees? 

Here, A C X sec. C A B = 160 X 3-8638 = 618-208 Feet 

PROBLEM IL—To delermine the Length of a Lint 
(horizontal) y accessible only at one Extremity, 

Let it be required to determine the length of the line 
B C, (figure 7) the extremity C being inaccessible. 

With a pocket sextant, compass, or other portable 
instrument, lay down the right angle A B C, — mea- 
sure B A, and ohserve the angle A. — ^Then, — 



A B X tan. A X B €.— 

Eeqnired the distance between B and C, or the l»eadfli 
B C of a riyer over which it i» in^^ded to thrtyw.4 "btid^t 
— the observed angle A being 67*25 Degrees! 

Here, ABxtaia.A=400x 8-3848 = 953-92 yards. 

Note, — The height of en object, accessible at it» base, 
may also be determined bj this problem, — and, if the 
observer set his instrument to one of the annexed angles, 
and advance along the base till it accordis with the angle 
of the object, the time otherwise required for the compu- 
tation will be saved. 



AngleA = 84„17 . 


AB -YbB C neatly. 


= 8d„39 . 


= -^ B C „ 


= 82„52 . 


= 4 B C „ 
= JBC „ 


= 81„38 , 


= 80„32 . 


= -S:BC „ 


= 78„41 . 


- i B C n 


= 75„5a . 


= i B C „ 


= 71„34 . 


= iBC „ 


= 63„26 . 


= i B C „ 


= 45,, . 


« B C ezAcUy. 



PROBLEM III,— To determine the Height of an 
inaccessible Object, 

Let it be required to determine the height of an 
object C D, (figure 8) its base being inaccessible. 

Obsetve the angles of elevation A and B, and 
measure the distance A B, between them. — ^Then, — 

-^B 

= CD.— 

Cot. A — Cot B 

Enquired the height or command of a battery at C, 
over the plane A B, — -the observed angles A and B, being 
respectively 15*25, and 32*75 degrees, and the distance 
between them A B, 800 feet ? 

Here, ^^ — -- «— ^ — ?20 « 378-55 Feel. 

Cot. A— Cot. B 3-668 — 1 -5547 



DIS. 



A Table of Natural. Bnnilii Takoknts, and Sbcamts, 
- wilh their CompleBieiiti tof^eterj pegxee, and Qoartar 
of a Degree of the Quadrant 



I>eg 


Sine. 


• 
Cosec 


Tang. 


Cotang. 


Secant. 


Cosine- 


I>eg. 


•00 


•00000 


Infinite. 


•ooooo 


Infinite. 


1-00000 


1^00000 


90K)0 


•ss 


•OU436 


229^18385 


-00430 


22918106 


100000 


-99099 


•75 


•50 


•00872 


114-59301 


•00873 


11468805 


1^00003 


•80996 


•60 


•75 


•oiaoo 


76-39355 


•01310 


70-30000 


1-00008 


•99991 


•35 


1-00 


•01745 


57^29808 


•01745 


57-2809e 


1^00016 


•99984 


9SHtO 


•S5 


•02181 


45-84026 


•02182 


46-82935 


1-00033 


•99970 


•75 


•50 


•02617 


38-20155 


•02018 


38-18840 


1-00034 


•99906 


•60 


•75 


•03053 


32-74553 


•03055 


32-73020 


1^00040 


•99953 


•36 


SKX) 


•03490 


38-65370 


•03492 


2803026 


1-00001 


•99939 


88-00 


•25 


•03920 


26-47133 


•03929 


25-46170 


1-00077 


-99923 


•75 


-50 


•0i3ff2 


82-92558 


•O4300 


23-90370 


i^ooooe 


•99904 


-60 


•75 


•04797 


30 84283 


•04803 


20-81883 


1.00116 


•99684 


•35 


3-00 


•05233 


19-10732 


•05240 


19-08113 


1-00137 


•99863 


87-00 


•as 


•05609 


17-63892 


•05078 


1701055 


1^00101 


•99639 


•75 


•50 


•ail04 


16-38040 


•00110 


10-34986 


1-00180 


-99813 


•60 


•75 


•06540 


16-28978 


•00564 


15^26705 


1-00814 


•99786 


•35 


4-00 


•06976 


14-33558 


•00993 


14-30000 


1-00344 


-99766 


80-00 


•25 


•07H0 


13-49373 


-07431 


13-46063 


1-00376 


•99786 


•75 


•50 


•07845 


12-74549 


-07870 


13-70030 


1-00809 


-99691 


•50 


•75 


•06280 


12-07609 


08309 


1203463 


1-00344 


-99656 


J25 


5-00 


•06715 


11-47371 


-08748 


11-43005 


1-00382 


-99619 


86-00 


•25 


•00150 


10-92870 


•09188 


10-88292 


1-00431 


•09580 


•75 


•50 


•09584 


10-43343 


•09629 


10-38539 


1-00463 


-99539 


•60 


•75 


•10018 


9-96123 


•10069 


993100 


1-00506 


-99496 


•85 


6-00 


•10452 


9-6C677 


•10610 


961436 


1-00650 


•99403 


64-00 


•25 


•10880 


9-18555 


•10951 


913093 


1-00696 


-99406 


•75 


•50 


•11320 


883307 


-11398 


8-77688 


1-00647 


•99357 


•60 


•75 


•11753 


8507B3 


•11836 


8-44895 


1-00696 


•99306 


-85 


7-00 


•12187 


8-2O50O 


•12278 


8-14434 


1-00751 


•90354 


83-00 


•25 


•12020 


7-9231)9 


•12721 


7-86064 


1-00806 


•99-200 


•75 


•50 


•19052 


7-00129 


•13105 


7-59575 


1-00863 


•99144 


-50 


•75 


•13485 


7-41659 


•13009 


7-34786 


1-00931 


-99080 


86 


8*00. 


•13917 


718529 


•14054 


711536 


1'00982 


-99090 


88-00 


•25 


•14349 


0-90900 


•14500 


0-89087 


1-01046 


-96905 


•75 


•50 


•14781 


0-70547 


•14946 


0-09115 


1-01110 


-98901 


•60 


•75 


•15213 


0-57301 


•15391 


0-49710 


1-01177 


•98836 


•85 


9-00 


•16043 


0-39245 


-16838 


0-31375 


iK)1340 


-98708 


81-00 


•25 


•16074 


6-22112 


•10280 


014023 


101317 


-98099 


•75 


•50 


•10504 


0-05885 


-10734 


6-97670 


1-01390 


-98038 


•60 


•75 


•16935 


6-90494 


•17183 


6-81905 


1*0]465 


-98556 


•85 


10-00 


•17364 


6-76877 


•17032 


6-07128 


1-01642 


-06480 


80K)0 


•25 


•17794 


5-61970 1 -18083 


6-63007 


1-01031 


•9640i 


•75 


•50 


•18233 


5-48740 


1 •18534 


6-38651 


1'01703 


•96336 


i60 
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Sinei, Tangentf , ttoj^coniimted. 



D-g. 


Sina. 


COMO. 


Taag. 


Cotengi 


^ 


Goabm. 


]M» 


10^ 


•18658 


6-36] 24 


-18966 


6^26716 


1-01788 


•06946 


8046 


11-00 


•19061 


6-34084 


-19438 


6-14466 


1-01871 


•OHlffi 


79in 


•S5 


•19609 


618583 


•19891 


6-02734 


1-01960 


-96078 


•75 


*50 


-19986 


5-01686 


•20346 


491616 


1-09048 


-07009 


. •» 


•75 


•80364 


4-91058 


•20800 


4-80768 


lr02140 


•97904 


46 


18H)0 


•80791 


4-80973 


-21266 


4-70483 


1-08894 


•07814 


Term 


•26 


-818ir 


4^71303 


•21712 


4-00673 


1-08930 


-07788 


•75 


•50 


-81044 


4-02022 


•22169 


4^61070 


1-08488 


•97099 


•50 


•75 


•88069 


4 63110 


•22627 


4-41936 


1-02888 


-97934 


•95 


13-00 


•88495 


4-44541 


•23086 


4-33147 


1-OS890 


•97437 


TTW 


•85 


•88920 


4-30399 


•23546 


4-24884 


1-U8734 


-97338 


•75 


•60 


•83344 


4-28365 


•24007 


416530 


1-02841 


•97837 


•60 


•75 


•83788 


4-20723 


•24469 


4-08686 


1-08960 


-97134 


^ 


14-00 


-84198 


413366 


-24932 


401078 


l-a3061 


-97QS0 


78« 


•25 


-84616 


4-00261 


•26396 


3-93751 


1-03174 


•96083 


•75 


•60 


•86038 


3-99093 


-25861 


3-86671 


1-08290 


-98814 


-eo 


•75 


•86460 


3-92770 


-26327 


3-79826 


1-03407 


-98704 


•95 


15-00 


•85882 


3-8tt370 


•28795 


3-rJ205 


1-03527 


-96698 


75-00 


•25 


•86303 


3-80183 


•27263 


3-66795 


1 -03649 


-96478 


•75 


•50 


•86723 


3-74197 


•27732 


360588 


1-03774 


-96363 


•60 


•75 


•27144 


8-08405 


•28203 


3-54573 


1-03901 


•96245 


-85 


16-00 


•87663 


3-62795 


•28674 


3-48741 


1-04030 


-96188 


74-00 


•25 


•27983 


3-57361 


•29147 


343084 


104161 


•98006 


-75 


•60 


•28401 


8-52093 


-29621 


3-37694 


104294 


•95889 


•60 


•75 


•88819 


8^4e985 


-30096 


3 32283 


1-04430 


-95757 


•85 


1700 


-89237 


3-42030 


•30573 


3-27085 


104569 


-95G30 


79-CO 


.25 


•89654 


3-37220 


31050 


3-22052 


1-04709 


-95502 


•75 


•60 


•30070 


3^32d51 


•31529 


3-17139 


104853 


-96371 


•SO 


•75 


•30486 


8-28014 


•32010 


312400 


104998 


-95239 


-85 


1&4K) 


-30901 


8-23606 


•32492 


3-077li8 


105146 


-95106 


79-00 


•25 


•31316 


8-19321 


•32975 


3-03259 


1-05296 


-94970 


•75 


•60 


•81730 


3-16154 


•33459 


2-98868 


105449 


•94832 


•60 


•75 


•32144 


3-11100 


•33945 


2-94590 


1-0.3604 


-94699 


•25 


10-00 


•32556 


3-07155 


-34432 


2-90421 


1-05762 


-94551 


71-00 


•25 


•32970 


8-03314 


-34921 


2-86356 


105922 


-94400 


-75 


•60 


•38380 


2-99574 


•35411 


2-82391 


1-06084 


-94284 


•60 


•75 


•33971 


2^95931 


•35903 


2-78523 


1-06250 


-94117 


•86 


20-00 


•34202 


2-92380 


•36397 


2-74747 


1-06417 


•93960 


70O0 


•25 


•34611 


2-88919 


-36892 


2-06588 


1-065S8 


-93819 


•75 


•60 


•36020 


2-85545 


•37388 


2-67462 


1-06761 


-93667 


•SO 


•76 


•36429 


2-82253 


•37886 


2-63945 


1-06936 


-9.3513 


•85 


21-00 


•36836 


2-79042 


•38386 


2-60509 


1-07114 


-93358 


69-00 


•25 


•36243 


2-76909 


•38887 


2-57149 


1-07295 


-93200 


•75 


•50 


•36650 


2-72850 


•39391 


2-538G4 


1-07478 


-93041 


•60 


•76 


•87065 


2-69863 


•398yrt 


2-50652 


1-07664 


-92881 


•25 


28-00 


•97460 


2^60946 


-40402 


247508 


1-07H53 


•92718 


68-00 



BIS. 



Sines, Tangents, etc.— -eofi^jfniAf. 



I>«K. 



Sizte. 



Coseo. 



Tang. 



Cotang. 



Secant. 



Corine. 



Dcg.- 



22-96 
•flO 
•76 

33-00 
•26 
•60 
•76 

9«H)0 
•25 
•60 
•76 

SftHK) 
•26 
•60 
•76 

HOrOO 
-25 
•60 
•75 

27-00 
-26 
•60 
•76 

9Sr00 
-25 
-60 
•75 

29-00 
-25 
•60 
•75 

aoKX) 

■25 
-60 
-75 
31-00 
•25 
-60 
•76 

•25 
•60 
•76 
33*00 
•25 
•60 



•37804 

•38808 

•38671 

•89073 

•39474 

•30875 

•40264 

•40673 

•41071 

•41460 

•41806 

•42261 

•42650 

•43061 

•43444 

•43837 

•44228 

•44619 

•46009 

•46309 

•46787 

•46174 

•46661 

•46947 

•47332 

•47716 

•48098 

•48481 

•48802 

•49242 

•49621 

•60000 

•60377 

•60763 

•61129 

•61503 

•61877 

•62240 

•62621 

•62992 

•63361 

•63730 

•64097 

•64464 

•64829 

•66103 



2HM007 

2-61312 

2-68691 

2^56e90 

2*63328 

2-60784 

2*48206 

2*46869 

2-43475 

2*41143 

2*38867 

3*36680 

3*34128 

2-33283 

3*30178 

3-38117 

3-26096 

2-24115 

2-22173 

3-20260 

3-18400 

316668 

3*14770 

3-13006 

3-11373 

3-09573 

3-07906 

2-06366 

2*04667 

2*03077 

2*01525 

2-00000 

1*98601 

1*97029 

1*96683 

1-94160 

1*92762 

1*91388 

1*90036 

1*88708 

1-87401 

1-86116 

1*84851 

1-83007 

1*88384 

1-81180 



*409ll 

*41421 

*41933 

-43447 

^963 

-43481 

*44001 

*44622 

*46046 

*46573 

-46100 

-46630 

•47163 

*47697 

*48234 

*48773 

-49314 

-49866 

-60404 

-60052 

-61603 

-62056 

-62612 

-53171 

-63732 

-64295 

•54861 

-55431 

-56002 

-56577 

•57164 

•57736 

•68318 

•58904 

-59493 

-00086 

*606S1 

*61280 

*61881 

*62487 

*63095 

*83707 

•04323 

•64940 

•66562 

•00188 



2-44432 
2-41431 
2-38473 
236685 
2-32766 
2-29984 
2-27267 
2-34683 
2-21991 
2-19430 
216916 
214450 
2-12030 
2-09664 
207321 
205030 
2-02780 
2-00569 
1-98396 
1-96261 
1-94162 
1-92098 
1-90068 
1-88072 
1-86110 
1-84177 
1-82276 
1-80404 
1-78562 
1-76749 
1-74963 
1-73205 
1-71473 
1-69766 
1-68084 
1-66428 
1 -64795 
1-63185 
161598 
1-60033 
1-68490 
1-66968 
1-65467 
1-53986 
1-52635 
1-61063 
k3 



1-08046 

1*08239 

1-08436 

1-08636 

1*08838 

1-09044 

1-09353 

1*09463 

1*09677 

1*09894 

1*10114 

1-10837 

1*10663 

1-10793 

1*11035 

1-11260 

1-11498 

1-11740 

1*11984 

1122?2 

1-12483 

1-12738 

1-12996 

1-13257 

1-13521 

1-13789 

1-14060 

114335 

1 14613 

1-14895 

1-15181 

1-15470 

1-16762 

1-16069 

1-16359 

1 16663 

1-16971 

1-17983 

1-17698 

1*17917 

1-18241 

1-18669 

1-18900 

1*19236 

1*19576 

1*19080 



-92664 
•93386 
•9S820 
-92050 
-91879 
-91706 
-91631 
-91354 
-91176 
-90996 
90814 
90630 
90446 
90258 
-90060 
89879 
89687 
89493 
89297 
89100 
88901 
88701 
88498 
88294 
88089 
87881 
87672 
87462 
87250 
87035 
86819 
86602 
86383 
86163 
a')940 
86716 
86491 
85264 
86035 
84804 
84672 
84339 
84104 
83867 
83628 



68-76 
-60 
•25 

67-00 
-75 
'60 
•25 

66KX> 
•75 
*60 
*25 

66K)0 
-75 
-60 
-25 

64KX) 
*75 
•80 
-25 

63-00 
*75 
*60 
-25 

68*00 
•75 
*60 
•25 

61^00 
•75 
•60 
*25 

00-00 
•75 
-50 
-25 

69*00 
•76 
•60 
•25 

68^00 
-75 
•60 
•25 
67'00 
•75 
•»\ 



DIS^ 



Sines, Tangents, etc-rconiinued. 



Peg. 


Sine. 


Coseo. 


Tang. 


Cotang. 


SeeukL 


Coaine. 


l>efr 


33-76 


•65667 


1^79996 


•66817 


1-49060 


1-SQ309 


•83147 


67-20 


34-00 


•66919 


1^78e89 


•67450 


1-48256 


1-20621 


•82908 


66^ 


•25 


•60280 


1-77681 


•68087 


1-46869 


1-20979 


•82690 


•75 


'SO 


•66640 


1^76661 


•68728 


1-46601 


1-21340 


•88412 


•00 


•75 


•66999 


1-76439 


•69372 


1-44149 


1^21 706 


-82104 


•SO 


30-00 


•67367 


1^74344 


■70020 


1-42814 


1^2a077 


•81915 


AMK) 


•25 


•67714 


1-73866 


•70673 


1-41496 


1-22452 


•81664 


•75 


•50 


-68070 


1-72206 


•71329 


1-40194 


1-22892 


•81411 


*flO 


•76 


•68426 


1-71159 


-71989 


1-38908 


1^2a917 


•81167 


•SO 


36-00 


•68778 


1-70130 


•72854 


1-37638 


1-23600 


•8U0U1 


64fW 


•26 


•69131 


1-69116 


73323 


1-36382 


1^940O1 


•80644 


•75 


•50 


•69482 


1-68117 


•73996 


1-35142 


1-24400 


-80385 


•OO 


•75 


-69832 


1-67133 


-74673 


1-33916 


1^24804 


•80126 


•SO 


«7-00 


•60181 


1-66164 


•76355 


1^32704 


1^2d21S 


•79868 


68O0 


•26 


•60529 


1-65209 


•78041 


1 •31606 


125a27 


•79600 


•75 


•50 


•60876 


1-64268 


•76732 


1^30322 


1-26047 


•79386 


•iO 


•75 


-61221 


1-63340 


•77428 


1-29151 


1-26471 


•79069 


•SO 


3800 


•61666 


1-62427 


•78128 


1-27994 


1-28901 


•78801 


d»00 


•26 


•61909 


1-61626 


•78833 


1-26849 


1-27337 


•78631 


•75 


•50 


•62251 


l-60(i38 


•79543 


1-25717 


1-27777 


-78260 


•00 


•75 


•62592 


1-59764 


-80268 


1^24597 


1-28224 


•77988 


•80 


39-00 


-62932 


1-58901 


•80978 


1-23489 


1-28676 


•77714 


51-00 


•25 


•63270 


1-58051 


-81703 


1-22393 


129133 


•77489 


•75 


•60 


•63607 


1-67213 


•82433 


1-21309 


1 •29596 


•77162 


^ 


•75 


•63944 


1-56387 


•83169 


1^20237 


1-30065 


-76884 


•35 


40-00 


-64278 


1-56572 


•83910 


1-19175 


1-30640 


•76604 


OOiK) 


•25 


•64612 


1-64769 


•84666 


1-18124 


1-31021 


•76323 


•75 


-60 


•64944 


1-53977 


•85408 


1-17086 


1-31608 


•76040 


•00 


•75 


-65276 


1-63195 


•86165 


1-16055 


1-32001 


•76766 


•SO 


41-00 


•65606 


b52426 


•86928 


115036 


132501 


•76471 


40-00 


•25 


•65934 


1^61665 


•87697 


1-14028 


1^33007 


•75184 


•75 


•60 


•66262 


1^60916 


•88472 


1-13029 


1 •33519 


•74895 


•50 


-75 


•66588 


1-60176 


•89253 


1-12040 


1 •34038 


•74606 


•25 


42-00 


•66913 


1-49447 


-90040 


1-11061 


1^34d63 


•74314 


48-00 


•25 


•67236 


1-48728 


•90833 


1-10091 


1-35095 


-74021 


•75 


•60 


•67569 


1-48018 


•91033 


1-09130 


1-35634 


•73727 


•00 


•75 


•67880 


1-47318 


•92439 


1-08179 


1.36180 


•73482 


•85 


43-00 


•68199 


1-46628 


•93251 


107236 


1-36732 


-73136 


4700 


•25 


•68618 


1-45946 


•94070 


1-06303 


1-37292 


-72837 


•75 


•60 


•68835 


1-45274 


•94896 


1-05378 


1-37859 


•72687 


-00 


•75 


•69151 


1-44610 


•95729 


1-04462 


1-38434 


-72230 


-25 


44-00 


•69465 


1-43955 


•96568 


1 •03553 


1-39016 


-71934 


4<H)0 


'25 


•69779 


1-43309 


•97415 


1 •02652 


1-39606 


•71630 


•75 


•60 


•70091 


1-42671 


•98269 


1^01760 


1-40203 


•71826 


•00 


•75 


•70401 


1-42042 


•99131 


1-00676 


1-40808 


•71018 


•80 


46-00 


•70710 


1-414-21 ] 


[•00000 


1*00000 


1-41421 


•70710 


45<X) 



SMB. 

Drao-Ropbs.*— ^^TtffviM', — Httmiii. 
Weight and DimensiMis of Drag^RopM. 

(Si^t Men.) 
Length 23 Feet 6 Inches. Weight 32 lbs. 

(Six Men.) 
Length 18 Feet 6 Inches. Weight 21 9)s. 

Elevation. — Gumnertf^ — Ricochet. 

If the axis of a gun, and an object, however situ- 
ated in legaid to each other, and to dieir respective 
horizons, co-incide, or meet in the same plane, the 
direction of the gun, with reference to the position 
of Uie object, will evidently be wnnt-hlank or direct ; 
and the range of the gun will be, ceteris paribus, 
directly as 3ie magnitude of the angle included 
between its axis, and that original direct or point- 
hlank line, unless the inclination of that line to the 
horizon be much greater than usually occurs in 
practice. 

Hence it is manifest that point-blank is the basis 
of eUvationj in gunnery^ or that the elevation of a 
gun, with reference to an object, is, in ascending 
planes, equal to the difference of the angles of ele- 
vation of the gun and object above the horizon, 
and, in descending planes, to the diiference of the 
angles of depression, of the object and gun below 
the horizon. 

Embarkation. — Artillery, — Tonnage, — Transport, 
Artillery is embarked either for removal £rom one 
situation to another, or with a view to active opera- 
tions against an enemy. In the latter case, the 
officer appointed to command the artillery of the 
expedition should be furnished with an account of 
the transport provided, together with an accurate 
inventory of tne various stores, placed under his 
charge. In this inventory, the tonnage of each 
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separate article or package should be inserted, bodi 
bj weight and measurement. 

Field Artillery should be embarked by entire bat- 
teries,— each piece of ordnance being accompamed 
by every article appertaining to its particular se^ 
vice, together with its horses and ammunition, and a 
due proportion of the general stores provided for the 
intended operation or campaign. 

If a battering train is to be embarked not only 
should every article appertaining to each piece of 
ordnance accompany it, but likewise every requinte 
for the construction of the battery on which it is 
eventually to be mounted. Siege aftillerv shoold al- 
ways be embarked by divisions, — each division con- 
sisting of a relative proportion of the several natiues 
of or(manoe composmg the train. This rule is with- 
out exception,— if it be not rigidly adhered to, the 
loss of a single transport may occasion the failure 
of an otherwise well-combined operation. 

The several batteries and divisions should inva- 
riably be embarked under the personal superintend- 
ance of the officers appointed to command them, 
assisted by their respective commissaries or clerks of 
stores. The commanding officer having the general 
direction of the embarkation, will, of course^ call the 
chief commissary to his assistance, and make his 
arrangements and regulate all the details of the 
service, in strict accordance with the plan and object 
of the projected enterprize. 

Exercise — Artillery, — Mechanics. 

The several Exercises are divided into three 
classes, as follows : — 
Exercise of Field Artillery. 
Exercise of Garrison or Siege Artillery. 
Exercise of the various Machines employed in the 
manoeuvres of Garrison or Siege Artillery. 



EXE. 

Field Artillery is subdirided into field Batteries, 
and Batteries of Horse Artillery. 

ExERCisB OF Field Batteries. 

Each gun detachment consists of one non-com- 
missioned officer and eight gunners. 

Telling off of DetachmenU* 

Tbe detachments, formed two deep, right in front, 
are tMd off by their rei^ectiFe non-commissioned 
officers as follows : — 

No. 2, the right-hand man of the rear rank^ — 
3, his front rank man, — 4, the second man from the 
right of the rear rank, — 5, his front rank man ; — and 
so on in succession from the right of the rear to th<; 
l«ft of the front rank. 

iVofe. — ^The non-commissioned officer is inTariably No. J, 
and he is responsible for the proper execution ot 
their dotiee by the sereral numbers of his de- 
tachment. 

Formation of Detachments in Order of March. 

No. 1, in line with the beads of the wheel horses, — 
2 and 3, in line with the muzzle, — i and 5, in line 
with the breech, — 6 and 7, in line with the axle-tree 
of the limber, — 8 and 9, in line with the splinter-bar. 

Note. — The odd numbers are inyariably on the ofi^ and 
the even numbers on the near side of the gun 
and limber. 

If the detachments should be ordered to the front, 
tbey take post in line ten yards in advance of the 
horses ; — ^if^to the rear, two yards behind the muzzles 
of their respective guns. 

Disposition of Mounted Gun Detachments. 
Nos. 1 and 2, on the right and left boxes of the 
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gun limber, — 3 and 4, on the corresponding boxes of 
the waggon limber,— -6y 6, 7 and 8, on the body of 
the waggon, — 5 and 6 on the front, — 7 and 8 on 
the rear box, — 9 (between 3 and 4) on the waggon limber. 
Note, — In all manoBUTTet, as Isoon as the gans are lim- 
bered up, the detachxnonta mooBt wttbout vaidxig 
for orders. 

Dutiei and PoHUant of the Nutnbert in Actum* 

No. 1, on the left of the handapike, points and com- 
mands, — 2, outside the right wheel, in line with the 
muzzle, sponges, — 3, in line with the musele. outside 
the left wheel, loads,-— 4, in line with the breech, 
covering 3, serves the vent and primes, — 6, covenitg 
3, and in line with the breech, fires^ — 6, five pa«n 
in rear of^ and oovering the left wheel, aervea 3 with 
ammunition, — 7, in rear of the limber, supplies 6 mth 
ammunition, and, when firing shells, fixes the fuies,— 
8, ten yards in rear of 6, assists 7, and occasionally 
relieves 2, — 9 attends the ammunition waggon. 

Note. — In serving 24-pounder howitzers, No. 8 snppliss 
No. 3 with shells. 

Dudet in Action^ with Reduced Nwnben, 
Distribution of the Duties. 



r^ 


2 


3 


4 


- — ' — » 




,. « -. 




1.4.6 


2.3.6 






1.4.6 


2 


36 






2 


3.6 


4.5 




2 


3.6 


4 




2 


3 


4 




2 


3 


4 




2 


3 


4 



6 7 8 



5 

6 6 
6 6 7 
6 6 7 8 
Note, — The figures in the first line have reference to 
complete detachments, and the duties of the seve- 
ral numbeis, aa explained in the preeeding article; 



those la tbe rertical columns spediy the addi- 
tional duties which each number must perform 
with incomplete detachments; That is, with only 
four men to each gun ; Nos. 3 and 4 must perform 
the duties of 6 and 5, in addition to their o'wn. 

Limbering Up^ and Unlimhering. 

May be done to the Front, Bear, Rigbt, or Left, 
according to circumstances. In limbering up to tbe 
firont, tbe trail is throMrn round to tbe left, and tbe 
limber drives up to the right of the gun. In limbering 
up to the right or left the trail and limber both go to 
the right or Itfif — and, in limbering up to the rear, 
the limber drives up to the right of the trail, which 
is not thrown round, and reverses to the left, Unlim- 
beriing » precisely the reverse of the preceding. 

MANCEUVRES OF FIELD BATTERIES, 

Field Batteries consist of five guns, and one how- 
itzer each, with their respective ammunition waggons, 
and \Other carriages. Each Battery is told off into 
Sal>-Divisions, Divisionjs, and Half-Batteries. 

Note, — A gun with its waggon constitutes a Sub- Division, 
— ^two Sub- Divisions a Division^ — and three, a 
Half-Battery. 

The Half-Batteries are told off as Right and Left; 
— ^the Divisions, as Right, Left, and Centre. The 
Sub-Divisions are numbered 1, 2, 3, 4, 5, and 6, from 
right to left, and tdd off as Right and Left Sub- 
Divisions of Divisions, — and Right, Left, and Ceatre 
Sub-Divisions of Half-Batteries. 

Note, — The " words" both cautionary waA executive, of 
the Commanding Officer, are printed in '* capi- 
tals" in the following manceuvres, — those of the 
Officers commanding Divisions and Sub-Divi- 
sion8,in the ordinary text — The ItcUics, distinguish 
the commands of caution from those of execution. 
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1. A Battery — en Line, — to Form Column of 
Divitions to a Flank, 



FOBM COLUMN OF 'SUB- 
DIVISIONS IN BEAB OF 
THE LEFT, 




5, Right take Ground^^ 
Bight Wheel Up,— 
HaltDie88. 



3 
2 
1 



Bight Half Tarn,-— 
Bight Wheel Up,— 
Halt Dress. 



FOBM COLUMN OF 
DIVISIONS IN FBOIT 
THE RIGHT— 

h Waggcn L^, 

2\ 

3 

4 [L^ Shoulders. 

5 

6J 



2\ 
3 
4 
5 

6J 



Mabch— 

Bight Shonlden,— 
Waggons Left,— 
Halt Dress. 



2. A Battery — in Line, — to advance or Retire J 
a Flank in a Column of Sub-Divisions. 



LEFT SUB - DIVISION TO 
THE FRONT— 



6, Waggon Leji, 




3 
2 

IJ 



Right Wheel, — For- 
ward. 



LEFT SUB -DIVISION 
THE REAR. 

6, Left Reverse y-'-'Wc 

Left, 
5' 

^\LeJl take Ground, 
2 

Mabch — 
5\ 
4 

3 -Left Wheel. 
2 



EXE. 



' S. A Battery — in Column of Stib-DivmonSy — to 
form a Line to a Flank. 



SBXT OF THE FBONT FOSM 

I9 W'aggon Bear, 
2y Left take Ground, 

3] 

4 Might Shoulders, — 

5 Waggons Bear. 
6J 

Mabch — 

2, Right Wheel, — Halt 

Dress. 
3) 

4 Left Shoulders, — Halt 

5 ' Dress. 
6 



EIGH^ OF THE BEAB FOBM 
LINE— 

6, Waggon Rear, 

6\ 

4 

3 - Right take Ground, 

2 

1} 

Mabch — 

5, Right Wheel, — Right 
Reverse, — Halt Dress. 
4) 

3 Left Shoulders,— Right 
2 " Reverse,— Hidt Dress. 
1 



4. A Battery — in Line, — to Form Columns of Di- 
«IIMm« a Flank, 



FOBM COLUMN OF DIVI- 
SIONS IN REAB OF THE 
•I«FT— 



2}^^ 



Reverse, 



March. 



2, Right take Ground,- 
Righttake Ground,- 
Halt Dress. 

1, Right Half Tum,- 
Rdght Half Tum,- 
Righttake Gxound,- 
Halt Dress. 



FOBM COLUMN OF DIVISI- 
ONS IN FBONT OF THE 
BIGHT— 

2, Forward, 

3, Right Ha^f Turn, 

March — 

2, Right take Ground, — 

Waggon Close Inter- 
val. 

3, Right Half Turn, — 

Waggon Close Inter- 
val. 

2 \ Right take Ground,— 
3j Halt Dress. 



EXfi. 

5. A BatUry — in Cohumn of SulnlHvUiontf^io 
Form Line on a Central Sub-IHvinon. . . 



FOKM LINE ON THE RIGHT 
CENTBE SUB-DlVISrON— 

3, Waggon Rear* 

f. I Right take Ground. 

4, Left take Chround. 

5] Right Shoulders f — 
6 j Waggons Rear. 

March — 

2, Right Wheel, — Right 
Reyerse, Halt Dress. 

1, Left Shoulders,— Right 
Reverse, — Halt Dress. 

4, Right Wheel, — Halt, 
Dress. 

5 [Left Shoulders,— Halt 
6 1 Dress. 



FORM LINE ON THE EEff 
CENTRE SUB-DIVISION- 

^9 Waggon Rear. 

n 

2 -Right take Ground. 
3J 

5, Left take Ground. 

6, Right Slwulders. 

Maboh^- 

3, Right Wheel, — Right 
Reverse, — Halt Dim 

1)Left Shoulders,— Right 
2/ Reverse — Halt Dress. 

5, Right Wheel,— Halt 

Dress. 

6, Left Shoulders,— Halt 

Dress. 



6. A Battery — in Lmt^ — to form Column of Btdf 
Batteries. 



FORM COLUMN OF HALF 
BATTERIES IN FRONT OF 
THE LEFT. 



n 

2 
3 



Forward. 



I 

2-j 
3 



Mabch — 

Left take Ground, — 
Waggons Close In- 
tervals,— Right take 
Ground,— Halt Dress. 



FORM COLUMN OF HALF 
BATTERIES IN REAR OF 
THE RIGHT. 

4^ 

5 

6 



Right Reverse. 



Mabch. 

4] Left take Ground, — Left 

5 ■ take Ground, — Halt 

6 ^ Dress. 



£X£j 



Line <o a Flank. 



RIGHT OF THE BEAB FOBM 
LINE— 

^^ Right take Chround. 

March — 

2, Bight taJke Oroond,— 
Right Reverse,— Halt 
DreM. 

r, Right Half Turn,— 
Right Half Turn,— 
Right Reyerse, — 
.Halt DresB. 



LEFT OF THE FEONT FORM 
LINE— 



2 
3 



^Lejl 



take Oround, 
March— 



2, Right take Ground^-*— 
Halt Dress. 



3, Right Half Turn,— 
Right Half Tom,— 
Halt Dress. 



8. A Battery — in Column of Divisions^ or Half' 
BatlefUs — to, Form Column of ffalf-Baiteries, <fr 
Divisions. 



FORM COLUMN OF HALF- 
BATTERIES— 

1) 

S VRiffht take Oround, 

3, jft^take Ground. 



March — 

1 ^ Right take Gronnd,— 
2> Right Rereney— Halt 
4} Dress. 

3, Right take Gronnd, — 
Halt Dress. 



FORM COLUMN OF DIVI- 
SIONS— 



i]Left 



take Oround, 



3, JRigfU take Grounds 

4, Left take Ground, — Wag- 

gon close InttrvaL 

March— 

11 Right take Ground,— 
2/ Halt Dress. 

3, Right take Ground,— > 

Right Reverse, — Halt 
Dress. 

4, Left Shoulders, — Halt 

Dress*' 



EXE. 



9. A BaiUrff"-^ Column •f Sub^Dvriakm^ or Bdf 
Batteries^ — to Farm Column o/Balf-BmiUrieB^ or Sm^ 
DivuUms. 



FOBM COLUMN OF HALF- 
BATTERLES— 



n 

2 
4 

6J 



/ 



Right take Ground* 



3 
6 



j Waggi 



1 
4 

8 
5 



ons Rear. 
March — 



'Left Shoulders, — Left 
Shoulders, — Right 
Reverse,— Halt Dress 

Right take Ground, — 
RightReverse,— Halt 
Dress. 



FORM COLUMN OF BUB- 
DIVISIONS— 

3) 

g V Waggons Right, 

^A Right Shouider$. 

2] Right iSAotiMm,— 
5/ Waggons Forward, 



1 

4 



Marcb^— 

' Left Shonldefs,- 
gons Right, 
Dress. 



Wag- 
-Halt 



2) Left Shoulders,^ Halt 
5 1 Dress. 



10. ^ Battery — in Line^ or Column of DivisionSy— 
to Form Column^ or Line on the Centre Division. 



FORM COLUMN OF DIVISI- 
ONS ON THE CENTRE— 

1, Fitrward. 

3, Right Reverse. 

March — 

I, Left take^ Ground, — 
Waggon Close In- 
terval, — Right take 
Ground,_Halt Dress, 

3, Left take Ground, — 
Left take Ground,— 
Halt Dr08d. 



FORM LINE ON THE CBN 
TRE DIVISION— 

1 , Right take Chround. 

2, Lefl take Ground. 

March — 

1, Right take Ground.— 
Right Reverse, — Halt 
Dress. 

3, Right take Ground,— 

Halt Dress. 



11. A Battery^n Column of Ditui^.'^O' De- 
ploy into Line on ike Centre or Rear DivUwn M'tke 
Front Base, 



DEPLOT INTO LINE ON 
THE CENTRE DITISJON 
ON THE FRONT BASE— 

2f Forward, 

1, Right take Ground, 
3, Left take Ground, 

March — 

2, Halt Drees. 

1, Bight take Gronnd, — 
Right Reverse —Halt 
Dxess. 

3, Bight take Ground,'— 

Halt Dress. 



DEPLOY INTO LINE ON THE 
REAR DIVISION OK TfiE 
FRONT BASE— 



l^Rigfki 



take Orouud, 



BfARCH — 

3, March, — Halt Dress. 

2, Haltv— Left take Ground , 
— March,—- HaltDreas* 

1, Bight take Ground, — 
Right Reverse,— -Halt 
Dress. 



12, A Battery — in Line^ — to Advance or Retire 
from a Flank in Column of Half Batteries, 



RIGHT HALTBATTERT TO 
THE FRONT— 

n 

2\FonDard, 

5 \ Right take Ground, 
6) 



1 



March — 



A y Left take Gnmnd. 
6 



LEFT HALF BATTERY TO 
THE REAR- 



S' 



6 Inwards Wheel, 

4J 



3) 
2 



Left Wheel, 



March— 



3\ 



-Left Wheel. 



EXBa 



. 13. A B9XiMff-^-\ia Immv"- to AAwHiim or' Bi$n 
finin €i Ftaii^ in a Coltum^tlf JHviiiam. 



LEFT DIVISION TO THE 
FAONT— . 

8, ForwartU 

}AL^UtMe€hoMmd, 

March — 
^ I Right take Ground. 



LEFT DIVISION TO THE 
B£AE— 

9^ 8nh'D'nH»i(mM^ imfsrdt 
Wheel 

jAlefl Wheel, 

March — 

„ I I'orward,— Left Wheel 



14. A Baitery^n Line^ — to Form Column tm c 
Central Sub-Division. 



FOBII COLUMN ON THE 
RIGHT CENTRE— 

1, Might Shoulders. 

2, Lqfl take Ground, — 

Waggon forward, 
3y Waggon Might, 

Might l^ieverse. . 



5 
6 



March — 



2, Right take Ground,— 
Halt Dress. 

4, Left take Ground, — 
Left Wheel Up,— 
Halt Presa. 

I, Left Shoulders, — ^Wag- 
gons Right, — Halt 
Dress. 



5^ 
6 



Left Half Turn,— Left 
Wheel Up,— Halt 
Dress. 



FORM COLUMN ON THE 
LEFT CENTRE— 



\] Might 



Shoulders. 



3, Left take Ground^— 

waggon Forward, 

4, Waggon Might. 

» I Might Meverse. 
March — 

3, Right take Ground,— 
Halt Dress. 

5, Left take Ground," 

LeftWheelUp,— Hilt 
. Dress. 

nLeft Shoulders,— Wag- 
gons Right, — Halt 
Dress. 

6, Left Half Turn,— Left 

Wheel Up, — Halt 
Dress. 



15. A Bat imy ' in Column of Sub-DmiUmSy or 
DivmoMy — to Form Column of Divmom^ or Sub' 
Divmons. 



70BM COLtJMN OP DIVI- 
SIONS— 

n 

3 Y Might take Ground, 

4 \ Waggons Rear. 

March — 
gl Right Wheel,— Right 






Reverse, — Halt Dress 



FORM COLtJMN OF SUB- 
DIVISIONS— 



1 
3 
o 

4 
5 
6 



n 

3 



Right Shouldeny — Wag- 
gon* Forward, 



Waggons Right, 



March— 

Left Shoulders, — Halt 
Dress. 



16. il Battery — in Line^ — to Advance or Retire 
from the Centre in Double Column of Route. 

ADVANCE FROM THE CEN- 
TRE IN DOUBLE COLUMN 
OF ROUTE— 

. [ Forward. 
^ [X^ take Ground. 
\ Right take Ground. 



5 

6 



March*- 

take Ground. 



»}lUght 

g ]> Left taike Ground. 



RETIRE FROW THE CEN- 
TRE IN DOUBLE COLUMN 
OF ROUTE— 

31 

J, [• Lejl Reverse. 

i I Leji take Ground. 

\ Right 



5 
6 



I] 



take Ground, 

March — 
Left take Ground. 



5 
6 



1 Right 



take Ground. 



£XR. 



17. A BalUrp^m Xmm; — to A dmmu or Bdkte 
from a Flank in a Column if Bontt, 



ADVANCE FBOM THE LEFT 
IN COLUMN OF BOUTS— 

6, Forward. 

4 

L^ take Ground. 



3 
2 
1 

I 
2 
3 

4 
5 



March — 



Right take Ground. 



BETUtE FBOH THE BIGEI 
IN COLUMN or BOUZX-^ 

1, Might Reverse. 

2x 

3 

4 [Right take Chround. 

5 

6 

2, 

3 

4 

5 

6' 



March — 



Bight take Ground. 



18. A Battery — in Double Column of Routef^tn 
Form Line from the Centre, 



ON THE BIGHT AND LEFT 
OF THE FBONT FOBM 
LINE— 

2, Right Half Turn. 

5, Left Half Turn. 

1 \ Right and Left Shoul- 
6j ders, 

March— 



2 

5 



' LeftHalfTum,-— Right 
Half Turn,— Halt 
Dress. 



1 \Left and Right Shoul- 
6/ deJ»r"Halt I>i»»a. 



FOB M LIN E TO THE LEFT 
ON THE LEFT HALF BAT- 
TEBY— 



6 

3^ 

2 

1 



4^ 
5 



Waggons Left. 



Left Wheel. 



March — 

Left take Groundy— 
Halt Dress. 



3^ 

2 

1 



- Halt Dress. 



EXE. 

19. — A Battery-^-in Column of Half Batteries^ — to 
Form Line to a Flank, 



LEFT OF THE FRONT FOBM 
LINE— 

^) 

5 \Left take Ground, 

Mabch — 

tlKgbtt^Gronnd,- 
*' Halt Dress. 



^f 



RIGHT OF THE REAR FORM 
LINE— 



2 
3 



£ight taie Ground. 



March — 



1 ) Bight take Ground, — 



2 
3 



Right Reverse, — Halt 
Dreas. 



Exercise of Horse Artillery. 



Each gun detachment consijsts of two non-commis- 
sioned officers, both mounted, and six gunners with 
light, eight with medium, and ten with heavy ord- 
nance. 

Note. — Besides the alioTe, two gunnen attend each am- 
munition waggon. 

Telling Off, Numbering, and Formation of Detach- 
ments in Order of March, 

The several gun detachments are told off, numbered, 
and formed in order of march, in every respect as with 
Field Batteries. 

JMsposition of MowUed Gum Detachments, 

Nos. I and II non-commissioned officers, — No. 1, 
the senior, on the right of the front, commands— No. 
11, the junior, on the rigbt, or right but one, of the 
rear rank, is the marker, — 

(Light Ordnance,) 

Front, 4, 12, 5, 1, Rank. 
Rcwx, 7, 13« 6, ]1, „ 

1.2 



EXE. 

(Mediwn Ordnance.) 

Front, 4, 12, 5, 10, I, Rank 
Rear, 7, 19^ 6, 14» 11, „ 

(Heavy Ordnance.) 

Front, 4, 12, 5, 15, 10, 1, Rai& 
Rear, 7, 13, 6, 16, 11, 14, „ 

Note, — Nos. 2 and 3, are inyariably mounted on the 
gun limber, and 8 and 9 on tiiat of the waggon. 
In action, with Light, or Medium Batteries, 
Nos. 11, 12, and 13, and with Heavy Batteries, 
Nos. 10, 11, 12, and 13, continue mounted in 
charge of horses. 

Duties and Positions of the Numbers in Action. 

The duties and positions of the numbers in action 
are precisely the same as with Field Batteries, both 
with complete and reduced detachments. 

Limbering Up and Unlimhering, 

The guns are limbered up and unlimbered in all 
respects the same as with Fidd Batteries. 

MANCEUVRES OF HORSE ARTILLERY. 

Batteries of Horse Artillery, like Field Batteries, 
consist each of six pieces of ordnance, and are num- 
bered and told-off in precisely the same manner except 
that, with Horse Artillery, the ammunition waggons, 
although numbered and told-off with their respective 
guns, constitute no part of the sub-divisions to wbicb 
uiey are severally attached. 

Note. — Notwithstanding that the waggons form no part 
of the several sub-divisions to which they are 
attached, they must, while they remain with 
them, conform to o^^exy movement 



EKBl 



1. A BoUmf--'^-^ Likei with Detachments in Front 
or. Mearr^-t^ Ordo' Deta^mente to the Rear or. Fronts 



DETLlCHHEirrS SBAI^ | 


DSTACHMENTS SBONT— 


2 


i 


2 




3 

4 


-X^ 4^Mf< Wheel, , 


3 
4 


•Miff hi IncUne, 


5 


1 


5 

6' 




Makch^ 


March — 


1, 
2 
3 
4. 


Forward, — Left about 
' 'WtaeeV— Halt Bress. 


Iv 

2 
3 
4 
5 
6^ 


•Fonraid, — ^Left Incline, 
—Halt Dress. 



. 3. A Battery -r in. Column of Sub-Divieionsy — to 
FSofm Line to a Ftank, 



I£FTOF 
lilKE— 



OF THE FBQin? FOSM 



2,ZeJl Wheel 

^Itiffht Shouldere. 

-r ' March— 

2f Biglitmee! Tip,— Halt 



l XJS 



3^ 
6 



7 



Xeft ShoiU4ei%T:*Hfat 
Dress. . . ; 



BIGHT OF THE El&AB FORM 
MNE— 



5^ 

4 
3 
2 



iZijrA/ Wheel. 



March — 



6, Right Wheel,— Bight 
about Wheel,— Halt 
Dress. 



4 
d 
2 

I) 



LeA Shoulders,- Right 
Dreaa. . 



EXE. 



or Rtm'^^io (frder IktAekuui^ to Ae Bij^ iff Id^ 



DETACHMENTS BIGHT- 

K 
2 

^ ■ Sight 9b<miWk$$L 

6 

6' 



1 
3 
8 
4 

6' 



Mabch — 



Fonraidy— Bight tbont 
Wheel,— Halt Diess. 



DETACmCEKTa LEfT- 

3 
3 

4 
5 
6' 



L^Indilm, 



3 
3 
4 

5 
6 



Ma&cb — 



SranV— HaUIInii' 



4. it Brntterf-r-m Lmei^to .FWm Colmii of S^ 
Divitums to a Plank. 



FORM COLUMN OF STTB- 
DIYISIONS IN- EEAB OF 
THE BIGHT- 



S' 
3 
4 
5 



Eight ub(mt WheeL 



MAmcH — 

3, LeAWheel,— Left Wheel 
Up,~Helt Dtms. 



FORM COriTMN OF VBB- 
DIVISIONS IN FBONT OF 
THE LEFT— 

5, L^ WheeL 

4] 

^ BightShoMen. 
I, 



5 



^) Bight Skmddef^— Left 
^t Wheel UiPt^HeH 

J 



\ 



5, Bight Wheel Up,- 
HaltDreM. 

Left Shs«ldai%— Bait 



EXEL 



. 6n A BatUry'^n Lme^ with DetatkmaUs on the 
Bight or Lefty-^to Order Dctaehmemti to tk$ Lrft 6r 
Might. 



• 


ACtfMKKTS LEFT— 


DETACHMENTS KIGHT— . 


Ik 

2 


2 




^ JRight about Wheel. 


3 
4 


:Ze/t about W%eeh 


.5 

6^ 


5 
6^ 


■ 


Mabch — 

1 


Mabch— 

I) 

1 Foiirard,— Left Wheel 

1 ' —Left Wheel Up,— 
^ Halt Dress. 


2 
3 

4 
5 


Forward,— BlglitW heel 
■ —lUght Wheel Up,— 
HoUBtmi* 


6^ 




6^ 


1 



6. ^ Battery^^-it^ Column of SulhDMdonSf with 
Detachmenti on the Right or Left^ — to order Detach- 
ments to the Left or Right. 



DET 
2 


ACHMENTS LEFT— 


DEI 
2 


^ACHMENTS BIGHT— 


3 

4 
6 
6* 


•X^ -Pifc. 


3 

4 
5 
6^ 


JRight File. 


Ma-rcb — 


Mabch — 


K 

2 

3 

4 

6 


Right Form,— Halt 
Dress. 


1^ 

2 

3 

4 

5 


LeftForni/^HaltDiesa 

. ■ . , • ■ 



EXE. 



7. A Batiery^^ in Column of SulhlHviiuiiMfr^tiii 
FormlAne on • CmtrtU SubrDiviiion^ , > ^ . 



FOBM LINE ON THE BIGHT 
CENTBE SUB-DIYISIOK— 

J |j2fjrA« Wheel. 

4, Left Wheel. 

I JRigkt Shoulders. 

March — 



6 
6 



2, Right Wheel,— Right 
aihoot Wheel^-^r-Halt 

* . • 

], LeftShonld6rs,— Right 
about Wheel, — Halt 
Dress. 

4, Right Wheel Up,— 
HaltBrescL 

5) Left Shoulders^— Halt 
6/ Dress. 



FOBM LINE ON THE IBJT 
CENTKE SUB-DIYIS];^N:7r 

3) 

^ Right Wheel. 

5, Left ^fPTieel. 

6, Right Shoulders. 

Harch — 

3, Right Wheel, ^B%ht 
about Wheel,— IMt 
X)res8. 

' Left SkoDMen,— Bight 
about Wheel, — Halt 
Dress. 



2 

1 



5, Right Wheel Up,— Halt 

Dress. ' . 

6, Left ShouIdeiB,— Halt 

Diiess. - « 



8. A Battery — in Line^ — to Form Column of ttatf- 
Batteries. 



FORM COLUMN OF HALF- 
BATTERIES IN BEAR OF 
THE RIGHT— 



4^ 

5 

6 



■ Right about Wheel. 



March — 

4) Left Wheel, — Left 
dj- Wheel Up,— Halt 
<y DreBB. 



FORM COLUMN OF HALF- 
BATTERIES IN FRONT OF 
THE LEFT— 

2 1- Formard. 

March — 

1)Left Wlxeel,<~Ri^ 
2 . Wheel Up, — Halt 



exEi 



9;, A Batttry---4n Line^ — to PorM Ceiumn on a 
Central Sub-Division, ^ . ^ 



FOBM COI.ITMN ON THE 
BIGHT CENTRE -SUB-DI- 
VISION— 

2, Leji Wheel 

ly Right ShotUdera, 

dVJRightabout tFheel. 

March — 

2, Bight Wheel Up,— Halt 
Diess. 

1, Left Sheuliters,— Halt 
Dress. 

4, Left Wheel,— Left Wheel 
. Upy — Halt Dress. 

» (Bight Shoulders, — ^Left 
%] Wheel Up,— Halt 
^l Dress. 



FOBM COLUMN ON 
LEFT CENTRE SUB-: 
SION— 

3, Zejl Wheel. 

lA Sight Shoulden. 

\ Eight about Wheel 




2 

5 
6 



March — 



3, Bight Wheel Up/r-Balt 
Dress. 

llLeft Shoulders,— Halt 
2 J Dress. 

5, Left Wheel,— Left Wheel 

Up,— HaltDress«. 

6, Bight Shovaddr9,-~Left 

Wheel Up, — Halt 
Dress. 



lOi A Battety — in Column of Sub -Dividonff or 
Half-Batteries, — to Form Column of Half-Batteri^fOr 
Sub-Divisions on the March, 



FORM COLUMN OF HALF- 
BATTERIES— 



2 

4 
5 

n 

4 
5J 



Left Shoulders. 



.%lght Shoulders. 



FORM COLUMN OF StTB" 
DIVISIONS— 

n 

2 
4 
5 



Bight Shoulders 



l\ 

2 

4 

5J 



Left Shoolden. 



to a Ftank, 



BieHTOF THE BBAB Mtt 

inns— 



£B¥T 07 THS VBOirr FORM 

WhetL 
Shouldin, 



3 

4 

6 
6 



^ Sight 



3 ) Rifi^t WbMl Up,— Halt 
4j Dress. 

51 Left Shooldeni— Halt 
6/ Dress. 



\BightW%eeL 

MlftCH — 

Left Shouiaers^— ^ 



3 
4 



'1 



about Wheel, — Hi 
Dress. 

o (Bight Wheel, — Bif 
^4 about Wheal,— Hi 
I Dress. - 



12. il Battery — in lAne-^to Advance or Retire frm 
a Flank in a Cikumn of ISub-Dhntione. 



SIGHT SUB-DinSION TO 
THE FRONT— 

1, Forward, 

2\ 
3 

FigJU Wheel 



4 
5 

6; 



March — 



2\ 

3 

4 

5 

6) 



- Left Wheel, — Forward. 



RIGHT SUB-DlViaiOlf I 
THE REARr- 

1, lUght about Wheel , 

2\ 

3 

4 

6 

6) 



Right Wheel 



March — 

1, Forward. 

2\ 
3 

RightWheel,_Fonni 



4 
5 



JBXEL 



. 19* A Batterp*'^ LvMj — toAdifanceorBeiirefiom 
the Centre in a Double Colkmn cf Sub^Divmonu ■ 



imWTBX 8UB4)IVI8I0K8 TO 
THE FBONT— 



CBKTEE SUB^IVIBIOKSTO 
THE HEAR— 



gji^ Wheel. 
\jRiffht Wheel, 



2 

5 
6 



March — 



1) Bight Wheel,— For- 
2j waid. 

g I Left Wheel,— Fprwaid. 



3 

4 



2 

5 
6 



\jRiffhtab<miWke§L 
2]^^ Wheel. 

\ Bight Wheel. 
March— 
^JForward. 

i I Left Wheel, — Forward, 
g I Bight Wheel,— Forward. 



14. A Battery — in Line^ or Colitmi^ of DitnH(m$fr^ 
to Form Column, or Line on the Centre bivieion. 



fOnil COLUMN OF DIVI- 
SIONS ON THE CENTBE— 



Forward. 



about Wheel, 



it 

%}Bisht 

March — 
Left Wheel, — Right 



i 



Wheel Up, — Halt 
Dress. 

5 \ Left Wheel,— LeftWheel 
6/ Vpf-'Halt Drem, 



FORM LINE ON THE CSS- 
THE DIVISION— 



gjiJi^fA/ Wheel, 
\Left Wheel. 



2 

5 
6 



1 
2 



March — 

Right Wheel,— Right 
about Wheel, — Halt 
Dress. 



5) Right WliftelTJ'Br-"^^^ 
6j DxeiMk - 



16. ASaUtff-'^Une^'^toAdmme^cr 
a JFUmk t» Colunm of Diiimn, 



JBOHT DIYISION TO THE 
FBONT— 



I] 

4 
5 
6 



3^ 

4 
5 



FanMrd» 



Eight Wheel. 



Hasch — 



Left Wheel Up*— For- 
ward. 



BIOHT DIVISIOK TO flfil 
BEAR- '^^^ 

^[.i2»^^ Wheel, 
6) 

, . March— 
o r Forward. 

f - Bigbt Wheel,— Forwwd. 
6. 



16.- il Battery — in Line, — to Advance^ or Meti^ t» 
Column of Half 'Batteries, 



SIGHT HALF-BATTEBY TO 
THE EHONT— 



2 
3 

4 
5 
6 



Forward, 



Right Wheel 



Ha&ch — 



: 1 Left Wheel Up,— For- 
6 1 ^*^- . 



BIGHT HALF.BATTEBT Tq 
THE BEAK— 



n 

2 



Inwards about WheA 



3J 

4> 

5 

6 



- \ 



Eight Wheel 



March— 



4^ 



5 VBlghtWheel,— FcJbwvd. 



EXE. 

17. A Battery — in Line^^to Form Column of Divi- 
nous to a Flank. 



rORM COLUMN OF DIVI- 
SIONS IN KEAB OF THE 
BIGHT— 

4) 

. VJRight about Wheel, 
March — 



3 
4 



Left Wheel, — Left 
Wheel Up,— Halt 
Dress. 

' Bight Shoalders, — 



5 

6l 



Right Shoulders, — 
Left Wheel Up,— 
Halt Dress. 



FORM COLUMN OF DIVI- 
SIONS IN FRONT OF THE 
LEFT— 



l\ 
2 
3 
4 



Forward. 



1 
2 



3 

4 



March — 

' RightShoulders,— Right 
Shoalders, — Right 
Wheel Up,— Halt 
Dress. 

Left Wheel, — Right 
Wheel Up, — Halt 
Dress. 



18.-4 Battery — in Line or Column of Divisions, — 
to Change Front to the Hear by the Counter March of 
Half-Batteries or Divisions, 



THE LINE WILL CHANGE 
FRONT TO THE REAEr- 



2 
3 



• Forward, 



4) 
5 

n 
2 

V 



March — 

Right about Wheel,— 
Halt Dress. 



Left about Wheel, — 
Halt Dress, 



THE COLUMN WILL COUN- 
TER MARCH— 

n 

3 \ Forward. 
5j 



2^ 

4 

6 

\\ 
3 



March — 

Right about Wheels- 
Halt Dress. 



Left about Wie,*^^ — 
Hall Biesa. 



EXE. 



la A BaUenH-^n (hUmm of Dimimmu^ or JM- 
DivisumSt — to Form Coltmm of Suh-Dimnmu^ wt 
vUionSy on the March* 



FORM COLUMN OF SUB- 
DIVISIONS— 



n 

3 
6 



■ Right Shoulders. 



n 

3 Left Shoulders. 
5} 



FOBM COLUMN OF DITl 
SIONS— 



n 

3 
5 

n 

3 
5 



-Left Shoulders. 



Right Shouldfirs. 



20. A Battery — in Line, or Double Column of S^h- 
Divisions, — to Form Double Column of Sub-Diviiums, 
or Line from the Centre. 

FRONT FORM LINB— 

1, Le/l Shoulders. 

2, Right TTJieeL 

5, Left Wheel 

6, Right Shouider$, 

Masch^- 

2, Right Wheel Up,— Halt 
Dress. 



FOBM DOUBLE COLUMN OF 
SUB-DIVISIONS - 

\\LeJl about Wheel. 
I Right about Wheel. 



6 

6 



March- 



2, Right Wheel, — Right 
Wheel Up, — Halt 
Dress. 

1, Left Shoulders, — Left 
Wheel Up,— Halt 
Dress. 

5, Left Wheel,— Left Wheel 

Up, — Halt Dress. 

6, Right Shoulders,— Right 

Wheel Up, — Halt 
Dress. 



], Left Shoulders, — Halt 
Dress. 

6, Right Wheel Up,— Halt 
Dress. 

6, Left Shoulders, — Halt 
Dress. 



EXE. 



21. A Battery^-4n Column of Half-BatterieSf'^to 
Form Line. 



LEFT OF THE FBONT FOBM 
LINE— 



Left Wheel 



Maech — 

i ] RightWheel Up,— Halt 
gf Dress. 



HI0HT OF THE BEAB FOBM 
LINE— 



n 

2 
3 



n 

2 



JRigkt Wheel, 



Makch — 

Bight Wheel, — B%ht 
Wheel,— *Bight about 
Wheel,— Halt Dress. 



22. A Battery — in Line^ — to Change Position on a 
Fixed Flank. 



CHANGE FBONT ON THE 
BIGHT FLANK, LEFT 
THBOWN FOBWAEU) A*** 
OF A CIBCLE— 



e; 



CHANGE FBONT ON THE 
BIGHT FLANK, LEFT 
THBOWN BACK A*** OF 
A CIBCLE— 



1, 


Might Half ^heel, 
(Driven disengage to the 
• Eight.) 


h 


Left Half Wheel 
(ihiren disengage to tbe 
Left.) 


2, Bight Shoulders, 


2\ 


S] 




3 




4 
5 


•Lejl Shoulders, 


4 
5 


Left about Wheel 


6j 




ej 




March — 


March— 


I, HaltDreos. 


1, Hah Dress. 


2, 

31 
4 


Left Shonlden^— Halt 
Dress. 

Halt Dress. 


2] 
3 
4 
5 

6j 


Right Shouldexsy^lieft 
• aboat Wheel,— Halt 
Dress. 


5 


(In *uceesH<m.J 





33. A Baitefy~iit Line,— to SIov* ia c 2%^ 
<Mttm» o/Divuioiu or JJalf-Sallmct. 



XINTOOPBHOOLOUI E 



Left BaeloBordi WhitL 



Left Bat: 



alSiahlBaciiearJtt 



Much— 
gjFonrard. 



LEFT WHBEL INTO UNE— 
2 1 B^hl ShouUtrs. 



l\% 



sietit.) 



KIOHT WHEEL INTO U 
3 V Forward. 



3tHaltDi«»3. 



exe; 

Garrison and Siege Artillery comprize Guns, How- 
itzers, Mortars, and Canonades. 

ExERCisB OF Guns, and Carronades. 

Each detachment, for a 32-pounder gun, consists of 
one non-commissioned officer and six gunners, — for a 
24*poundergun, of one non-commissioned officer anid 
five gunners, — for a 68-pounder carronade, or an 18- 
pounder gun, of one non-commissioned officer and 
four gimners, — for a 24-pounder carronade, or a 12 or 
d-pounder gun, of one non-commissioned officer and 
three gunners,— and, for a 12-pounder carronade, or 
6-poUnder ^un, of one non-commissioned officer and 
two gunners. 

NoU.-^The complement of men for the daily service of the 
batteries in the attack,or defence of a fortified place, 
should be calculated on this basis, at two or three re- 
liefs, according to the expected duration of the siege. 

Tellina Off, and Formation of Detachments in Order 
of March, 

In all respects the same as with field guns. 
Duties and Positions of the Numbers in Action* 

No. 1, directly in reax of the gun, points, commands^ 
and assists to run the gun up, — ^2, on the right of the 
gun, in line with the muzzle, ^onges, runs up, and 
elevates, — 3, in line with the muzzle, on the left of the 
gun, loads, runs up, and elevates,— 4, on the right of the 
gun, clear of the truck, or wheel, and in line with the 
breech, serres the vent, runs up, traverses, and primes, 
— 6, in line with the breech, clear of the truck, or wheel, 
on the left of the gun, runs up, traverses, and fires,—' 
6, attends at the magazine, serves 3 with ammunition, 
and assists to run the gun up,-T-7, under cover of the 
•merlon, assists to run the gun up. 

M 



EXE. 

Note, — If the gun be monnted en tnubette, fhe sereral nun- 
ben take post en Echelon ontaide the platfonm. 
When not immediately employed in working the 
gnn, they take post nnder oo?er of the ^pantaunt 

Duties in Action with Reduced Numbere. 
Distribution of the Djades. 



12 3 4 5 6 

C.R.V.P.F. S.B.E.T. L.R.EJI.T. 

CJELV.P. S.B.E.T. L.B.E.T. S.A.7. 

OJt. S.IUE. L.BX. YJITJ>>. KTJF.A. 

C.R. S.RE. L.R^. V.RT.P, RT.P. A. 

Note. — The numerals in the first line, hiaYe refexeppe to 
the duties of the several numbers, as explained ia 
the preceding article. The small capitals nnder 
them, specify the additional duties required of 
each number, according to the stre n gA of the 
detachment. That is, with only three men to each 
gun^-No. 1, not only points, commands, and as- 
sists to run the gun up, but serves the vent, primes, 
and fires, — No. 2, sponges, runs the gun up, ele- 
rates, and traverses, — and No. 3, loads, runs the 
gunup,elevates,serve8ammunition,aiid trayerses. 

Exercise of Mortars and Howitzers. 

Each detachment, for a lO-inch mortar, or 10-incb 
bowitzer, consists of one non-commissioned officer and 
five gunners, — for a 10-inch mortar, or an 8-incb 
howitzer, of one non-commissioned officer and ibni 
gunners,— for an 8-inch mortar, of one non-commis- 
sioned officer and three gunners,— and for the 5^- and 
4f-inch mortars, of one non-commissioned officer and 
two gunners each. 

Telling off^ and Formation of Detachments, 

Precisely the same, in every respect, as for gum 
and carronades. 



D^ttmandP^Ht^onsof the Numben im Actum, 

Na 1, directly in fear ef the mortar, points, com- 
mands, and serves the rentj — 2, on the right of the 
bed, in line with the muzzle^ sponges, uncaps the fuze, 
assists 3, 4, and 5, to put in the shell, runs up, and 
traverses,-~d, in line with the muzzle, on the left of the 
bedft loadi^ assists % 4, and d, to put in the aheU, runs 
up, and tvayerBes,— -4^ on the rigiit o£ the mortar, co- 
vering 2, and in line with the vent, prepares the shells, 
asosts 5 to bring them up, and put them into the 
mortar, runs up, traverises, and primes, — 5y in line with 
the vent, on the left of the mortar, assists 4 to prepare 
the shells, bring them up, ^d pu,t tiiem into the mortar^ 
runs up, traverses, and fires, — 6,;attends.at the magazine, 
supplier 3 with cartridge cuts, and fixes the fuze. 

Abte.— In serving howitzers, the duties and positions of 
the several numbers, are precisely the same as 
with gons, and carronades ; 4 and 5 bringing up 
the shells, which are pat into the muzsle by 8 and ' 
4, and home, by 2 ; No. 6 onts, and fixes the fuze. 

Duties in Action with Reduced Numbers, 
Distribution of the Duties. 



^ 2 3 4 6^ 

C.V^B.R.P. S.L.BJE,T T. 

C.VJP. S.RE.T. A3.L.R.E.T.F. 

C.V.P. S.R.E.T. A.L.RE.T. BF. 

C.V. S.RE.T. AX.B.E.T. RB.P. B.B.F. 

Note. — The explanation of this table is the same as that 
under the head of guns and canonades. The. 
additional letter B specifying the numbers that 
assist in bnnging up the shells. No. 2, puts 
them into the 8,^i, and 4JiiikDli mortals. 






Vairtotti M9^titef» 

The several detachments are numbered and told off, 
in this Branch of the Exercises, in precisely the same 



manner in every respect as in the two preceding 
Branches, except that, in . the Exercise of the De?u 
Carriage, the odd numherB aie on the right side, and 
the even numbers on the left 

Exercise OF TBB Tbianolb.Gyn. 

The complement of men for the service of a triangle 
gyn, is usually one non-commissioned officer and teir 
gfonners. 

3. Carries at the foot of 2. Carries at the foot of 
the left cheek, ^orks the the riffht cheek, works the 
left hand lever, keys and ' right hand lever, keys and 
unkeys the left hand cap- nnkeys the right hand cap- 
square of the gun-carriage, square of the gun-carriage, 
and assists to run the car- and assists to run the ca^ 
riage up or back. riage up or back. 

5. Carries at the top of 4. Carries at the top of 
the left cheek, works the the right cheek, works the 
left centre lever, .and as- right centre lever and as- 
sists to run the carriage up sists to run the carriage up 
or back. or back. 

7. Carries the levers and 6. Carries the windlass, 

hand-spikes,assists number passes the fall round it, 

6 in passing the fall round holds on, makes it last, 

the windlass, and holds on eases off, and lowers the 

next to him. gun. 

9. Carries at the top of 8. Carries at the foot 

the pry-pole with the slings, of the pry-pole, with the 

fid, and trucks, holds on the slings, fids, and trucks, and 

fidl behind number 8, and holds on next to number 

coils it up as it comes off. 7. 

11. Assists in carrying 10. Assists in carrying 

the blocks and fall, reeves the blocks and fall, reeves 

and unreeves the triple- and unreeves the double 

block, assists in slinging block, assists in slinging 



EXE. 

the gun, and steadies it »t xhe gun, and steadies it at 
the muzzle. 4ie casca^le. 

ExBRCisK OF Bell's Oyn. 

The complement of men for' working this gyn is, one 
non-conmnssioned offiqer and six gunners. 

3. Runs the carriage up 2. Runs the caniage up 
orbaek, assists 6 to sling the or back, assists 7 to sling 
gun, turns the winoh, as- the gun, turns the winch, 
sisted by 5, opposite to-him, assisted by 4, or holds on 
or makes fast and hauls upon the rope. 
upon the rope, ivhidi is / 
passed round the handles 
of the winch. 

5. If necessary, runs Uie 4. Performs similar du- 
carriage up or back, and ties to d, on his own iside. 
assists 3, at the winch. 

7. Assisted by 2,. slings 6. Assisted by 3, slings 
and unslings tne gun at and uoslings the gun near 
"die chase, and steadies it the first reinforce ring, 
at the muzzle. places', the bed and quoiii, 

and steadies the gun at the 
•cascable. 

r I 

Exercise oV the Qibealtar 6tn. 

The complement of men required to work this gyn, 
is one non-commissioned officer and six gunners. 

3. Runs the carriage up 2. Runs the carriage up 

and back, assists 9. to heave and back, heaves the wind- 

the windlaA' tottnd, Btaiid- lass round, standing inside 

ing outside the gyn front- the gyn, £ronting number 

ing him, and assista 6 to 3, and assists 7 to sling the 

sling the gun. gun. 

5. If necessary^runs the 4. Runs the carriage up 
cacriage up oi back, assists ox back, holds on the lul 



ID faoldiDgoQ the fall, stop- ^#^611 tb6 gun is bein^ 
pers and un- stoppers it raised, makes the fiill fasl^ 
when it requires shifting, and lowers the gun. 

7. Assisted hj 2, slings 6. Assisted, by 3, slings 
and unslings the gan at and nnslings the gtin near 
the chace, and steadies it the first reinforce - ring, 
at the muzzle. plaees the bed and quoin, 

steadies the gun at thd 
tmsoable, and orerhirtil 
4he tackle. 

Exercise of thb Sung Cabt. 

The compliment of men is one non-condndsiBiion^ 
officer and six gunners. 

3. Has charge of the left 2. Has charge of the ri^ 
lev'erj and when necessary, lever, and, when necesaaxy, 
assists to skid the gun. assists to skid the gun. 

5. Assists 2, at the lever 4. In like manner asr 

and skidding, and, when sists 2, and, when the gun 

the gun is to be lashed, as- is to be lashed, as^sts ia 

sists in raising the breech, raising the breech. 

7. Assists 3 at the lever, 6. Assists 2 at the lever, 

slings and unslings the assists in slinging and 

gun, and lashes it to the unslinging the gun, and 

pry-pole. lashing it to the pry-fmle. 

The non-commissioned officer puts in and tafkee ont 
the pauls. 

Exercise of the Devil Oarrugb. 

The complement of men for working this carriage 
is one non-commissioned' officer and ten gnnnei?. 

3. Has charge of la, 2. Has charge of a 
drag-rope, assists to haul drag-rope, assists to 'haul 
tie perch up and dc^v^ti^ tlhe -^etch n|i ^d down, 



bears the muza^ of the assists 3 in bearing thfe 

gfon down, and, when the muzzle down, and, when 

breech is raised, puts the the gun and carriage are 

lever into the muzzle. lashed on, puts up tibe sBd. 

6. Steadies the run- 4. On his side, per- 
carriage when raised on forms similar duties to 
its breast transom, and, those of number 5. 

with the long guy-rope, 
lashes its front aue-tree 
to the deril-carriage. 

7. Slines the gun, lashes 6. Perforias similar du- 
the breech to the perch, ties to number 7. 
asnsts in limbering up and 

unlimbering, and slings the 
g^on-carriage. 

9. Has charge of one 8. Performs similar du- 
vi the short guys, assists ties to number 9. 
in iinllmbering and lim- 
bering up, and in hauling 
the breech of the gun up 
to the perch, lashes the 
hind axle-tree of the gun- 
cwriage to the devil-car- 
fiage, and fixes the long 
gay-rope to the iron eyes 
at the end of the perch. 

11. Assists in unlim- 10. Performs similar 
berihg and limbering up, duties to number 11. 
and in hauling the bieecli 
of the gun «p to tiie perch, 
lasihes, with the sholrt guy- 
ropes, the rear axle-tree of 
the g^n carriage to the 
devil -carriage, and fixes 
tbe short-guy ropes to the 
ring under the jpeich. 



V*tciiita,-~Sattayr-Fi>Ttifii»iioit,~Cnimiv. 

Weight, Dimenidoiu, etc., of yaHdnei, Qabioiu, ^ 
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FAS. 

Observations on Fascinbs, Gabions, and Hurdles. 

^ In general no precise rules can be laid down for the 
dimensions of gabions, hurdles, or fascines. These 
must depend on the nature and quality of the materiel 
of which they are to be made, the season at which 
that materiel is cut, and the uses to which they aze to 
be applied. 

Birch, willow, and hazel, are the best woods for this 
work. Oak, generally speaking, is too dense, — ^it is, 
however, by far the best materiel for the pickets, gadf^ 
and uiiderstakes. 

The intrinsic density of the wood to be employed is 
iqatter fox consideration, as is also the season at which 
it was cut. Fascines, gabions, or hurdles, made Id 
the spring, or summer, from fresh cut brushwood, will, 
of coarse, be much heavier than others of the same 
diniensions, made from the like materiel cut in the 
autumn or winter. 

It is also of importance to bear in mind, in fixing 
the dimensions of fascines, that cylinders, of equu 
lengths, are, to each other, as the squares of their cir- 
cumferences, and, consequently, that any excess in 
their diameters, beyond what is absolutely required, 
will not only inconveniently increase their weight, but 
also necessitate a useless expenditure of both time and 
materiel in their preparation. 



Fascines are made of various dimensions, — usually 
from three to eighteen feet in length by six, or nine 
inches m diameter. The longer, the better, as the 
strength of a revetment is increased in proporton as 
the number of joints is diminished. 

It is a good general rule, in regard to economy, 
both of tinie and materiel, to make all fascines eighteen 
feet long, in the first Instance. If the gads, or bands, 
be properly disposed a haevae of this description oadi 



FAS. 

be afterwards readily cut into lengths of three, riz^ or 
nine feet, as occasion may require. 

The average weight of a fascine of this leng^, nine 
inches in diameter, wOl be about 140 lbs. 



Gabions, three feet in height, by eighteen, or twenty 
inches in diameter, have been found, after repeated 
trials, to be the most convenient for the sscp, and indeed 
for every description of work, lliey are easily made^ 
and are found to be perfectly manageable by men 
under fire. 

The average weight of a gabion, three feet iA height, 
by twenty inches interior diameter, made of wiww, 
will be about 45 lbs. 

Large gabions, five feet six inches in height, by four 
feet eight inches in diameter, are used as sap rollen. 
They are troublesome to make, and require two men 
to carry them. 

There is also a smaller description of gabion, in the 
form of the frustum of a cone. These are generally 
made one foot in height, twelve inches in diameter at 
the top, and nine inches'at the bottom. They are used, 
at sieges, to form loop-holes on the crests of the 
parapet. 

Hurdles are made of various dimensions, according 
to the uses to which they are to be applied — generally 
about three feet in height, by two feet six inches in 
breadth. Of these dimensions, connected by threes in 
the form of a prism, they constitute a kind of tri- 
angular gabion, and are very convenient in the con- 
struction of the flying sap, — especially when the 
materiels for the trenches, etc., are prepared at a 
distance from the place. 

Gabions of this description, when made of sufficient 
dimensions, are also very useful in lining the che^ 



of embiazures, forming field tiagaEinee, and reveti!iiif 
tiaTerses, and other works. They form a more tofid 
revetment, especially if arranged in contact nde by 
side, than either the ordinary gabions, or fasdneB; 
and, when the means of transport are difficult to be 
procured, they possess this mrther important ad* 
vantage, that they can be packed into uie smallest 
possible space. 

EuNTS. — Artillery^ — Cartridges, 

Flints are allotted in the proporticm of one to ten— 
that is, one flint is allowed with every ten cartridges* 
. The most transparent^ and free from veins are coo* 
sidered the best. 

During the late war, flints were packed in half- 
barrels. The present practice is, to pack them in 
strong canvass bags, for transport on bat horses, at 
mules, and in deal boxes for carriage transport. 

In each of these bags, 200 musquet, 400 carbine^ 
or 7^0 pistol, flints axe packed; and, in each box, 
five bags, or 1000 musquet, 3000 carbine, or S760 
. pistol flints. 

The average weight of each box, containing either 
of these quantities^ is about 50 lbs. 

Fluids. — Bridges, — ForHficatiariy — Gunnery, 

Fluids are either elastic, or non-elastic. Elastic, 
when they admit of coYnpression, as the atmosphere 
•^non-elastic, when incompressible, as water. 

£v6ry fltiid, elastic or non-elastic, is regarded, in 
the aggregate, as a collection of infinitely small 
spheres, po»essing the power of moviujp^ on, and 
over, each other, in every direction, firee of friction. 

On the Resistance of Fluids to Movino Bodies. 

If two bodies move througfi a fluid, "with nn^jiUd 
velocities, the niimber of ^mrticieB of the fluid 



FLU. 

displaced by each will be proportional to the i 
with which it moves; and the force with whic 
particle of the fluid re-acts against the body w 
be proportional to the said velocities respectively 
sequently the resistances which the bodies exp< 
in moving through the fluid, will be proporti' 
the squares of their velocities. 

When a body moves through a homogeneoi 
at rest, the resistance it experiences will evidc 
the same as that which it would experience if tl 
were at rest, and the fluid moved against it 
velocity equal to that of the body in the form 
And since the pressure, in every direction, at t 
of a vertical filament of fluid, is equal to the 
of that filament, and the velocity with wh 
particles of the fluid would move off* laterally 
duced by that pressure, which, by the laws of 
dynamics, is equal to the velocity acquired bi 
tide falling through the height of the filament 
lows that any surface opposed to this lateral 
will sustain a pressure equal to the weight o 
ment of the same height as that which is dui 
velocity of the particle. Therefore, the a 
pressure experienced by a plane surface, 
parallel to itself through a fluid at rest, is eciua 
weight of a column of the fluid of which the 
equal to the surface opposed, and height equa 
space through which a body must fall vertic 
acquire a velocity equal to that with which U 
moves. 

This pressure would be experienced by a p 
cylinder, moving through a fluid, in the dire< 
its axis, or when its extremity is perpeudicula 
line of motion. And, by the theory of forces 
be found, that if the plane surface, or extremit; 
body, be inclined to the line of motion, the j 
of ue fluid against it, is to the pressure aga 
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equal 8ur£eu;e, perpendicular to the line of motion, as the 
cube of the sine of inclination is to the cube of radius. 

If a pyramid or cone, or a prism or cylinder, termi« 
nating in a pyramidal or conical surface, move through 
a fluid in a direction parallel to its axis, with its Tertex 
in front, the pressure which the body would experience, 
is to the pressuie on a plate of an area equal to that of 
lite base of the pyramid or cone, as the square of the 
sine of the inclination of the slant side to the line of 
motion, is to the square of radius. Therefore, if a 
cylinder, terminating in a cone, a section of which, 
made by a plane passing through the axis, is an 
equilateral triangle^ be made to more through a fluid, 
the resistance it would experience is one-fourth of that 
which w6uld be experienced by the plane extremity of 
the same cylinder. 

When a cylinder, terminated by a hemisphere, mores 
in the same manner through a fluid, the resistance on 
tibte spherical surface would be equal to half of that 
whicn would be experienced on a circular plate, equal 
to the base of th e hemisphere. 

' .'By these principles^ the amount of the resistance 
exp^enced by a shot in moving through the atmos* 
pfaere, with any given velocity, may be theoretically 
determined. But the inertia of a shot, in motion, 
being a force which opposes the pressure of the air 
Upon it, and this inertia being proportional to the mass 
€f weight of the shot, it follows that the retardatiob 
experienced by the shot in moving through the air, is 
directly proportional to the resistance, and inversely 
proportional to the weight of the shot 
. These circumstances are independent of the pressuie 
aTising from the condensation of the air in front, and 
that aiising from the vacum in rear of the shot, when 
moving with great vdodty ; on which accounts, and 
pKobably for many other, reasons, the results of expe- 
riment are veiy diffaeent.£xnn those of theory* 
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From the experiments made by Dr. Uutton, en the 
reoBtance experienced by different bodies passing 
thmugb the air, with Telodties of from 3 to dO feet 
per second, the following^ results have been obtaboed. 

Two hemispheres, the diameters of which were 4*75 
and 6*026 inches respectively, moving with their fist 
surfaces forward, experienced resistanies which were 
nearly proportional to those surfsces, while the velocntj 
was less than 12 feet per second; but the resistancfli 
were in rather a higher ratio when the velocity wn 
greater. 

The resistances experienced by the same surfaoMi 
were nearly proportional to the 2*1 power of the ve- 
locity. 

When the three following bodies were employed >^ 
viz., a cylinder, the length and diameter of whioh wen 
each equal to 6*625 inches; a hemisphere, the diameter 
of which was 6*62d inches; and a cone, having as 
altitude and diameter of base, each equal to 6*635 
inches, it was found, — 

1. That the lesistance experienced by the flat ends 
of the cylinder, hemisphere, and cone, were to each 
other as the numbers 1, 1*0105, r02 1 respectively. 

2. That the resistance experienced by the flat sv- 
face of the hemisphere, was to that experienced by 
the convex surface, as 1 to *4 13. 

3. That the resistance experienced by the base of 
the cone, was to that experienced by the vertex, as 1 
to -433. 

So that a cone, a section of which, through the 
vertex, forms a rieht angled isosceles triangle, expe- 
riences greater resistance than a hemisphere, the dift- 
meter of which is equal to that of the base of the cone. 
By theory it should experience less resistance. And 
the resistance on the base of such a cone, is to that 
on the vertex, as radius -is to the sine of the angle of 
inclination of the side to the axis. By theory, as 
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above, it should be as the square of radius, to the square 
of the sine of the indinatioxi* 

The resistance on the flat surface of a hemisphere^ 
119 to that on the surfaoe of a ivhole sphere, of equal 
djiineter, as 1 to *4d06. By theory it should be as 1 
to -5. 

. The resistance on the convex surface of a hemis- 
pli.ere, is to that on the surface of a whole sphere, of 
^u^ diameter, as 1 to I 042. 

The resistances experienced by bodies are different 
when their fronts are equal and similar, but the oppo- 
site parts are of different forms. 

Lwy. The resistances experienced by plane sur- 
faces, are greater than the weight of a column of air 
pf a base equal to the area of Uie surface, and height 
equal to that which a body must fall through to pro- 
iufie a velocity equal to Uiat of the body in motion* 
Tte resistance experienced by the flat surface of the 
cylinder above-mentioned, moving with a velocity of 
Sio feet per second, was, by experiment, found equid to 
2*«kS8 ounces. By theory it dK>uld be 1*7904 ounces ; 
so that the resistance is really equal to the weight of a 
column of air of the same base, and a height equal to 
1*41 times that required by theory. WiUi a velodQ^ 
of 10 feet per second, the resistance, by experiment, 14 
•565 ounces; by theory it is *448 ounces; so that tho 
actual height of the column is 1*26 times the heighti 
required by theory. The proportion is nearly the same, 
when the velocity is anything less than 10 feet. 

According to the experiments of Borda, the impulse 
of wind against a plain surface equal to one square 
foot, when moving with a velocity of one foot per 
second, is equal to -^ ^ part of a pound avoirdupois. 

By other experiments, it has been found, that wh^ 
a flat plate moves through water, with a velocity of 
one foot per second, the resistance is equal to 1*75 
pounds avoirdupois on eaqh square foot of surface. 
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When the hody is of a cubici^ form, the resistance 
against the surface in front, when the velocity is one 
fwt per second, is equal to I '5 pound avoirdupois on 
each square foot of that surface ; and when the length 
of the vessel is three or four times its breadth, the 
resistance on each square foot is about 1*33 pound. 

Then, supposing the resistances to be proportional to 
the squares of the velocities of the body, or of the fluid, 
the resistance due to any other velocity may be found. 

. On the Prbssure of Fluids Against Walls. 

Since the pressure on any horizontal section of i 
vessel containing a fluid, is equal to the weight of die 
column of fluid above the section, and that the lateral 
pressure of a filament of fluid is equal to its verticai 
pressure; the pressure at any point on the yertieal 
side of the vessel is proportional to the depth of that 
point below the upper surface of the fluid. 

Therefore, if a vertical section of a vessel be taleD, 
the whole pressure against the side of the section may 
be represented by the area of a right angled triangle, 
of which the altitude is equal to the height of the 
flnid above the bottom, aod the base equal to a line 
expressing the pressure on any point of the bottom; 
this is equal to half the parallelogram representing the 
vertical pressure of a lamina of fluid of equal base and 
altitude. Consequently, if the vessel be rectangular, 
and the area of the vertical side equal to the area of 
the bottom, the pressure against that side will be equal 
to half the pressure on the bottom; and it follows, 
that the pressure of a fluid against any upright surface, 
is equal to half the weight of a column of the fluid, 
the oase of which is equal to the surface pressed, and 
the altitude, to the depth of the fluid. 

When any surface, turning on a horizontal joint, 
coinciding with its upper edge, is pressed by a flnid, 
moving against it horizontally, the action of the flnid 
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in turning^ the plane, is analogous to the aetion of gm* 
wiij in making it yibrate upon the same joint. Theie- 
foie, the pressure of the nuid od the whole sur&oe is 
th« same as the action of an equal force applied, hoii- 
■cmttdlv. at the centre of oscillation of the plane ; that 
is, if uie plane he rectangular, at a point which is 
below the joint as much as two-thirds of the Tertioal 
height of the plane. 

On the Velocities of Effluent Fluids. 

If a Tcry small orifice be made in the bottom of a 
▼eisel containing a fluid, the pressure on a particle of 
tbe fluid at the orifice is equal to the weight of a ver- 
tical filament of the fluid immediately orer the parti- 
ele, and this is equal to the sum of the actions of gra^ 
▼ity upon all the particles in that filament. But if a 
paiticfe fall through a height equal to that of the filar 
ment it is acted upon at eyery instant of its descent 
by a force eaual to the weight of the particle, and 
the sum of all those actions of gravity is equal to Uie 
weight of the filament; therefore, the velocity wiA 
which a particle will issue from the orifice, will be the 
same in both cases. It follows that the velocity with 
which the fluid issues from a very small orifice in the 
bottom, or in the side close to the bottom, is equal to 
that which a body would acquire by falling through a 
height equal to that of the column of fluid above the 
orifice ; and if orifices were made at different depths in 
the side of the vewel, the velocities with which the fluid 
issues would be proportional to the square roots of the 
depths of the onfices; because, the velocities which 
bodies acquire by gravity in falling, are proportional to 
the square roots of the spaces descended. But when 
the onfice in the bottom or side of a vessel is large, the 
fluid converges towards the axis of the stream after 
quitting the orifice, and forms a contraction in the 
stieam, the area of which is to the area of the orifioe, 

N 
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as 1 to ^/!^ Therefore, because eqnal qnantities of 
fluid pass through unequal seotkas of the same pipe 
in equal times, it follows that the Telocity in tjke con- 
motion is to the velocity in the orifice as ^^2 to 1. And 
the Telocity in the oontractioii is equal to that acquired 

Sa body ULUine through the whole height of the fluid ; 
oreibre, the Telocity in the orifice will be eqnal to tluU 
acquired by falling through half the height of the fluid. 

It has been found, by experiment, that the quantif 
ties of water discharged in eqnal times through orifices 
of difierent suies,and at the same deptlis in 3ie vesEd, 
are proporticmal to the areas of the orifices, or to the 
squaxes of their diameters. And it may be proved, 
fiiom the principles before stated, that a cylindrical w 
prismatic vessel, if kept constantly full, will discharge 
through an orifice twice as much water as it coutaiofl) 
in the time that it would take to empty itself thrcurii 
the same orifice. Also, that if a notch or sluice in the 
form of a rectangle be cut vertically in the side of a 
vessel full of water, the quantity of water flowing 
through it will be equal to twi>-thirds of the quantity 
which would flow in the same time through an equal 
orifice placed horizontally at a depth equal to that ^the 
bottom of the vertical notch, the vessel being kept con- 
stantly filled to the level of the top of the same notch. 

By the experiments of M. Bossut, it appears that 
when water flows through a pipe 30 feet long and 1*35 
inches in diameter, the velocity at the mouth of the 
pipe is only half of that at the orifice ; and that when 
the pipe is ISO feet long, and of the same diameter as 
before, the velocity at the mouth is only equal to one- 
sixth of that at the orifice, the loss of velocitv being 
caused by the friction within the pipe. And he con- 
cludes that the quantities discharged through pipes of 
equal diameters in equal times, and with the sane 
head in the reservoir, are inversely proportional to the 
square roots of the lengths of the ^i\»es nearly. 
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VoKnnckTioN.'^Jbrtillery. — Battery, — Mine, 

Fortification k.eUher nalairal or artificial, offen* 
siye or defisiisLve. 

Mountaius, rivers, defiles, and, in general, ererj 
accident of die ground, calculated to impede or ft[- 
cilitate an offensive or defensive operation, are na- 
tural fortifications. By iartificial fortification, is 
understood, any d)6tacle, or cover, raised, for a like 
purpose, by the labour and ingenuity of man. 

Fortification is also further subdivided into per- 
manent, and temporary, or field fortification. 

^masnmtt jfaxiititatim. 

Fortified places are military positions, perma- 
nently intrenched. The value of such a position 
is, csteris paribus, invenely, as the strength of its 
garrison, and directly, as tne time required for its 
reduction. Defensive permanent fortification may 
tbeiefore be defined, the art of intrenching a given 
8ite,4>r position, in such a manner that the weakest 
passible garrison shall be able to sustain the longest 
possible siege. 

Engineers }iave pceposed and adopted various 
systems of foitificadoii, or modes of fortifying, in 
each of which is to be considered the trace, or out- 
line, the command, and the relief. Of these va- 
rious systems, that of Cormontaigne, or rather that 
wiuch is known as the First System of Vauban, 
inoproved and enlarged by that eminent engineer, 
is generally considered uie least defective, it 
combines, in a higher degree than any other, the 
essential principles of the art, with simplicity of 
arrangement. 

By the trace, or outline of a system of fortifica- 
tion, or mode of fortifying, is undeistood its ground 
plan, or horizontal projection, — by the commaAA^ 
its vertioal elevatieD, above the pUne oi fnXJ^ ot 

n2 



FOR. 

ground on which it is erected, or the vertical eleva- 
tion of one of its constituent parts, above another in its 
front, — and, by the relief, the absolute height of any 
part of the system which is preceded by a (Utch, mea* 
sored from the lowest point of its sur£EU>e. 



If the position is detached, or isolated, or if the 
proposed defences are to enclose it on all sides, the 
first operation, in laying down the trace, must be to 
embrace the site, or ground to be fortified, in a poly- 
gon, — inferior or superior, regular or irregular, accord- 
ing as the one figure, or the other, will occupy it to 
the greatest advantage. On either side of this primi- 
tive figure, — the length of which must depend on the 
nature and range of the arms to be employed in its 
defence, that is to say, it should not be less than two 
hundred and sixty, nor much exceed three hundred 
and eighty yards, — is constructed a portion of the 
principal intrenchment or main enclosure, — called a 
fortified front, — comprising two demi-bastions, and an 
intermediate curtain. Each side therefore of ihe cir- 
cumscribing polygon, or primitive figure, is the base 
of construction, of that particular portion of the 
works erected upon it, and the flanked angles of the 
bastions severally correspond or coincide with its 
saliants. 

The nature of the polygon by which the site or 
position is to be embraced, is an important subject for 
consideration. It exerts a powerful influence on Uie 
defence, — the relative strength of each individual 
front being in the direct ratio of the magnitude of 
its angles. In the higher polygons, especially in those 
superior to the heptagon, the flanked angles of the bas- 
tions become propoitionably more and more obtuse, 
so that a besieger finds it difficult, in the same pro- 
portioDf — in some cases im^ossible^—to enfilade ibe 
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faces of tbose works, and the action of the collateial 
ravelins, is, at the same time, so direct on the flanks 
and rear of his approaches, that he is compelled to 
silence their fire, before he can yentore to attack the 
intermediate bastion, or attempt to crown the glads 
or to effect a lodgpnent in the covered-way. If the 
magnitade of the angles of the polygon, or of any 
portion of it, be such that two or more fortified fronts 
can de disposed in nearly a right line, these advan- 
tages will be still further improved ; and if, firom any 
irregularity in the ground, several fironts can be traced 
on a concave line, ue result wiU be decisive in favour 
of the defence. 

Both Vauban and Cormontaigne, to determine the 
position of the lines of defence, bisect the base of con- 
struction by a perpendicular. COTmontaigne, in his 
system, makes me length of the perpendicular, mea- 
sored from the point of bisection to its foot, or in- 
terior extremity, equal to one-sixth of the base. Van- 
ban varies the length of the perpendicular. He 
makes it equal to one-eighth, one-seventh, or one- 
sixth, of the base, accordmg as the figure to be forti- 
fied is a square, a pentagon, or any superior polygon. 
Engineers in general approve of Vauban's method of 
regulating the length of^the perpendicular, provided 
it be not applied to polygons superior to the hexagon. 
It is not so generally approved when applied to tiie 
superior polygons. It admits of no variation in the 
length of the flanks, and, consequently, as some en- 
gineers conceive, unnecessarily restricts their action, 
in opposing the construction of the besiegers' counter- 
batteries. 

The lines of defence are drawn, both by Vauban and 
Cormontaigne, from the angles of the polygon, ot qil- 
tremities of the base of oonstructiOQ, tVixoa^ ^()ca VmX 
of the^p&rpendiculur^ and on these \iaea li\Mc^ txsiA^ ^^ 
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&ces of the bastioniB. YaubBn makes the length of 
each face of his bastion equal to tworseyenths of the 
mde of the polygon, er base cf construofion. Coimon* 
taigne, that he iikay iamease their interior eapocito, 
makes each hce equal to one-third oi the base, and, 
adopting Pagan's prinoiple, draws his flanks perpendi* 
colar to the opposite lines of defence. In Vaubaa's 
system, each flank is the chord of an ^xc described 
mml the shoulder, or, according to somenvathors fnm 
the saliant of its opposite bastion as a centre, widi i 
radius equal to the distance between that point and the 
shoulder of the collateral bastion. The curtain oom- 
pletes the outline of the main enclosure. It connects 
the collateral flanks, by a right line, passing throuffb 
the points in which they respectiyely interseot ue 
opposite lines of defence. By Cormontaign^s eoa- 
struotion the faces of the bastions are defended by i 
grazing fire; — ^byVauban's, they are defended by i 
moderately plunging fire. Vauban's method is that 
generally preferrod. The defence which it provides 
for the ditch is not less efiectiye than that provided 
by the method of Pagan and Cormontaigne, and it 
possesses this additional advantage, — the fire of Ids 
flank searches into the breach in the face of the oppo- 
site bastion, and takes its assailants in reverse. 

Engineers are divided in opinion as to the proper 
dimensions to be given to the main ditch. Its excar 
vation must furnish a sufficient supply of earth for tbe 
construction of the elevated portions of the intrenck- 
ment. In other words, the area of its vertical section 
must be equal to the aggregate area of a correspond- 
ing section passing through the rampart, parapet, and 
glacis, while its breadth is sufficient to admit of an 
effective musquetry fire, from the face of the bastion 
on the opposite counterscarp^ without weakening too 
much the crest of its parapet, Cormontaigne, in his 
system, makes the \yieaA.lli qI \!tv^ ^>^ ^\ ^3ut ^iliant 
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of the bastion somewhat less than the length of the 
opposite flank, minns the breadth of the ooTered-way^ 
and draws the branches of the countefscaip, from the 
rounding, to the angle whidi the crest of the parapet^ 
of the flank, forms with that of the face of the iMstion. 
By this construction, the flank not only effeotnally de- 
ieada the ditch, in its front, eyen to the grazing o£ the 
counterscarp itself, but, at the same time, it is enabled, 
by its extent and the superiority of its Are, to meet and 
opfoait the besiegers, in their endeavours to establish 
counter-batteries, on the terre-plein, of the ooTered* 
way, or crest of the glacis. 

Next to the main enclosure, the trace of which is 
explained in the preceding paragraphs, the principal 
element in Vauban's system, as a£o in Cormontaigne's 
is, the ravelin. By its position in the re-entering 
angle, formed by the branches of the counterscarp, of 
the main ditch, the ravelin covers the curtain the 
flanks and the shoulders of the bastions, and by the 
^re of its feces defends the ground in front of theit 
saliants. Vauban's trace of Sie ravelin is inferior to 
that of Cormontaigne. He places its saliant at the 
intersection of the perpendicular produced, and an 
are described from one extremity of the curtain, as 
a centre, with the portion of the line of defence, inter- 
cepted between that point and the flank of the oppo- 
site bastion, as a radius, and directs its feces to points 
taktm on those of the bastions, at about eleven yards 
from their respective, shoulders. Cormontaigne directs 
the feces of hn ravelin to corresponding points at about 
thirty yards from the shoulders of the respective has* 
tions, and places its saliant at the vertex of an equila** 
teral triangle, erected on the right liner joining those 
two points. It is evident that the curtain and the 
flankis and shoulders of the bastions are much better 
covered by Gocmontsigne's than by VaaV^aiiL % taN€&E^ 
and it is aiao eqaidkj evident that, in ]gncofQn!^»OL v^*^ 
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is more capacioii8,it can be more effectually retrencbed* 
Notwithstanding these adyantages, however, and the 
commanding defence which Cormontaigne's ravdin 
affords, to the ground in front of the saliants of the 
bastions, its trace is susceptible of farther improvement 
Its flanked angle being more acute, its fae^ are moa 
exposed to the fire of the besiegers' enfilading batteries 
than are those of Vauban's ; and its ditch, which is ge- 
nerally about sixty feet broad, inconveniently uncoven 
a corresponding portion of the face, of each bastioi, 
towards its centre. By Cormontaigne's constructuA 
of the ravelin, therefore, the besieger is enabled to 
avail himself of his counter-batteries, established on 
the branches, or terre-plein, of its saliant place of arms, 
to breach the main enclosure, and this advantage in- 
creases in direct proportion to the saliancy or projection 
of the ravelin into the country. 

Vauban and Cormontaigne both retrench the rave- 
lin. Vauban's first retrenchment consisted of a simple 
loop-holed wall, in the form of a lunette, with a na^ 
row ditch in its front. He subsequently increased tiie 
breadth of the ditch, and added an earthen panqMt 
Even in this improved state its trace is defective. 
Cormontaigne retrenches his ravelin by a substantial 
redoubt, to which, in fact, the mvelin itself is merdy 
a counterguard. The ditch of Vauban's retrenchment 
is undefended by any direct fire, — that of Cormon- 
taigne's is defended by the faces of the bastions, to 
the interior extremities of which its scarp revetment is 
directed. It is also to be observed, that the flanlcs of 
Cormontaigne's retrenchment, each of which is of suffi- 
cient extent to contain three guns, independently of 
those placed in the casemates beneath its parapet, so 
effectually defend the passage of the main ditch Uiat 
it is next to impossible that an enemy can venture to 
assault the body of the place, until both the ravelin 
and its redoubt aie in tna ^Qa&^«»iQ(Si. Neither ^e 
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ditch of the iftTelin Dor that of its redouht is equal in 
depth, to that of the main enclosure, — the ditch of the 
xeaouht has the least depth of the three. The counter- 
scarps of these works are drawn parallel to their respeo- 
tiire escarps, and each demi-gorge produced passes 
through the interior extremity of the &ce of the ravelin 
and the flanked angle of the collateral bastion. By 
this construction the faces of the niYelin not only dellr 
lade the passages from the caponiere into the main 
ditch, but at the same time cover the terre-plein, and 
flanks of the redoubt, from the fire of the counter- 
batteries, established on the branches, or terre-plein, 
of the saliant places of arms of the opposite bastions. 

In the main ditch, immediately before the curtain, 
is the teuail. Vauban is the author of this work. It 
covers the curtain, — except towards its extremities,^ 
the postern constructed under its centre, and the flanks 
and shoulders of the a^oining bastions. It defends 
by a closer and more grazing fire than the curtain, the 
ditch, and the terre-plein of the opposite ravelin, or 
that of its redoubt; it renders an attack on the gorges 
of those works a hazardous operation ; and, finsdly, it 
facilitates the retreat of the trooj^s, by which they were 
defended, in his original trace Vauban gave to this 
work the form of a fortified firont, and so regulated its 
relief that the crest of its parapet was about four feet 
beneath a line of fire, from the interior extremity of 
the flank of one bastion to the probable place of a 
breach in the face of the one opposite. He subse- 
quenUy abandoned this outline, and adopted that of a 
simple re-entering angle, which he traced on the lines 
of aefence. Cormontaigne still ^ther improved on 
this construction. He cut off* the angle termed by 
the faces, and added a curtain parallel to that of the 
place. 

If the ditch be dry the commnnicatioTL^rteVweev^^^ 
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plaoe and the mTelin must be coveied by a < 
lie,-^that is, by a kind of double covered-way. 
mantaigne makes great use of this defensive \ 
his system. He constrocts demi-caponi^rea 
the main ditch, sad the ditch of the ravelin, t 
and defend the communications with the re-e; 
places of arms. He also covers the postern, j 
flank of the redoubt, of the ravelin, by a demi-i 
^re thrown across its ditch, immediately in i 
the interior extremity of eadi face ; and, as a 
protection to the posterns, and, at the same 1 
cover the passages between the flanks of the I 
and the extremities of the tenail, he constructs i 
caponi^re across the main ditch, on the proloi 
of each face of the ravelin. If the ditch be ^ 
difficult to establish and preserve the commui 
between the place and the several out-works, 
case, the communications are maintained by 
on trestles, piles, or boats, or by boats alone, 
are both expensive and inconvenient: they 
constant repairs, and it is impossible to preserv< 
after the arrival of the enemy on the crest of the 
Dry ditches are, on this account, preferable to v 
the operations of an active defence they posse 
numerous other advantages. 

Beyond the main ditch, and the ditch of the : 
is the covered-way, and its parapet, the glacif 
covered-way envelopes the ditch, covers the 
revetment, and ensures to the garrison a covert 
munication along the counterscarp, and place 
dezvons preparatory to any external operati 
also defends the ground in its front, by a ch 
grazing fire ; and, in case of need, covers and 
tates uie retreat of the sorties. Its brand 
drawn parallel to the counterscarp, except 
roundlngf opposite the flanked angles of the I 



FOR. 

and nvelin, or saliant places, of arms ; the re-entering 
places of arms are cut out of the glacis, and exercise 
an important influence on the defence. £ach demir 
gorge should be from forty-five to sixty yards long^ 
and the faces should form angles of about one hundrM 
degrees, each, with the adjoining branches of the 
oovered-way. Vauban re-trenched the re-entering 
place ot arms by a tambour, or by an earthen redoubt, 
of feeble profile, and interposed traverses, across the 
terre-plein of the covered-way, to prolong its defence, 
and to diminish the otherwise destructive efiects of 
the besiegers' ricochet and enfilading batteries. — Cor- 
montaigne enlarged its interior capacity, and im- 

S roved the construction and trace of the redoubt. He 
efiladed its faces, directing them to the re-entering 
angles of the glacis, supported its scarps by solid revet- 
ments, and added a flank to each mce^ to command 
the main ditch and the ditch of the a^acent ravelin. 



Engineers, subsequent to Vauban and Cormon- 
ligne, place the crest of the parapet of the covered- 
ay in the same horizontal plane, or plane of defile- 
ent, as the tablette or summit of the escarp revet- 
mt ; and oppose the operations of the besiegers, even 
er they have arrived on the glacis, by a simultaneous 
I plunging fire from the interior defences. It is on 
^ principles that they determine the command of 
ravelin, on which that of the body of the place is 
mdent, so, that the fire of its artillery, against the 
9gers' third parallel, shall pass four feet above the 
of the glacM, — they make the command of the 
of the place over the ravelin, or, if it be re- 
hed, over its redoubt three feet, and on these 
combined with certain experimental facts, they 
nine the dimensions of the general profile, 

Yerdcal devMtian of a parapet albove iDbft XffctAr 
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5 lain in its rear, that it may effectually co?er the 
efenden of the work, is usually seren feet six incka 
— ^in no case should it be less than six feet. The hut 
of its interior slope should not exceed one^third of its 
height) and its superior slope should be directed to 
the edge of the opposite counterscarp ; or, if tbe 
breadth of the ditch will not admit of this direction, 
to the foot of the banquette of the co?ered way. Ex- 
perience has shewn that in a compact soil the tniclmea 
of the parapet should not be less than eighteen feet, 
to resist the beseigers' batteries, established on tke 
crest of the glacis, — that in light and sandy soil diit 
thickness must be proportionably increased, and that 
its exterior slope should coincide with the hypothenose 
of a right-angled triangle, varying in the length of 
its base, according to the tenacity of the earth. Tlie 
breast height, or height of the parapet, above the tread 
of the banquette, should not exceed four feet, fooi 
inches; the breadth of the tread itself should be 
between four and five feet ; and the base of its slope 
should be at least equal to twice its height, that the 
ascent and descent may be easy and convenient. 

It is on the terre-plein of the work that the guns for 
the defence are placed in battery. As a general rule, 
therefore, its breadth must be sufficient not alone for 
this purpose, but likewise for the free passage, behind 
them, 01 the troops and ammunition carriages. Tbe 
breadtn of the terre-plein, of the main enclosure, 
measured from the foot of the interior slope of tbe 
parapet to the summit of the corresponding slope of 
the rampart, is usually about thirty-nine feet. If tbe 
interior slope of the rampart be not revetted, tbe 
horizontal breadth of its base should, to ensure sta- 
bility, be at least equal to its vertical height ; and, in 
respect to the terre-plein of the ravelin, or of any work 
which covers another, its breadth should be restricted 
as much as possible, tWt. ou \X& Qv^v:Qct^^^\y^<^<&^t8 
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may be cramped for space in the construction of their 
breaching batteries, llie terre-plein is not horizontal; 
It has a gentle &11 from front to rear, to carry o£f the 
water. About one inch, in erery six feet of its breadth, 
ia considered a sufficient inclination for this purpose. 

The escarp revetment has an exterior slope of one- 
fifth of its height, according to Vauban ; of one^sixth, 
according to Cormontaigne. Its relief depends on 
the depth of the ditch beneath the plaue of site, which 
in no case should be less than sixteen feet, and the 
oommand of the opposite glacis. Engineers, in gene- 
ral, to determine the requisite thickness of the revet- 
ment, assume that the pressure of the earth, contained 
between the back of the wall and an inclined plane, 
passing through the foot of its interior face, at an 
angle of forty-five degrees with the horizon, has a 
tendency either to overturn it on the foot of its exte- 
rior face, as on a fulcrum or pivot, or to cause it to 
slide bodily forward at its foundations. In the first 
case the weight of the pier is supposed to act in a 
verticle line passing through its centre of gravity, at 
the extremity of a lever represented by the horizontal 
distance between this line of direction and the sup- 
posed fulcrum or pivot. If, therefore, the weight of 
the wall— expressed by the area of its vertical sec- 
tion — be multiplied into the length of the said lever, 
the product will, in this case, represent the stability 
of the revetment. In the other case the friction of the 
revetment — expressed by one-fourth of its weight— is 
equal to its stability. The earth pressing against the 
revetment is supposed to act at its centre of gravity in 
a direction pandlel to the containing plane. Its ho- 
rizontal pressure, found by the resolution of forces, is, 
in this case, equal to its weight, and is supposed to 
act at the extremity of a lever represented by tii!& 
vertical distance between its centre of giaNity va^x)kift 
foot of the revetmenU Henoei the axea oi lihe "^^t^*- 
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oal Bection of eardi to be supported, multiplied into 
the length of the said lerer, expreeses its tendency to 
orertum the wall ; but its tendency to push the wall 
forward horizontally is only equal to its weight or 
horizontal pressure. Consequently, equations beiiig 
formed between the pressures of the earth and the 
stability of the wall, the result will give the unknowB 
quantity, or the required mean thickness of the re- 
yetment 

General Pasley contests the justness of the aboT8 
principles. He proposes to interpose a second pltae, 
parallel to the former, nassing through the foot of the 
exterior face of the wall, and that the earth above tiife 
second plane should alone be considered as tending to 
overturn the revetment, while the remaining portion 
included between the two planes, is regarded u 
tending to cause it to slide off at its foundatioBS. 
And, on these postulata, he concludes, that for a full 
escarp revetment, without a berm, or for a demi- 
revetment, with a berm equal in breadth to one-fourth 
of the height of the masonry, the mean thickness of 
the wall should be seventeen-sixtieths of its heightr- 
that for a demi-revetment, without a berm, it should 
be eoual to three-tenths of its height, — and that tbe 
lengtu of the counterforts, for each of these revet* 
ments, ^ould be equal to one-fifth of their heights 
respectively. He also concludes, that for a counte^ 
scarp revetment, having to retain only a simple terr^ 
plein, the mean thickness of the wall should be one- 
roiurth, and the length of each counterfort one-axth 
of its height. In all these cases General Pasley sup- 
poses tbe revetment to be countersloped, the counte^ 
forts to be rectangular, and the intervals between 
them to be equal to four times their respective 
breadths, measured from centre to centre. He £vi- 
Aer recommends that the foundations of the walls 
abould be deeper in lesx tVittXi Va. tsncwt.^ that the 
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counes of the masonry should not be horizontal, ex* 
cept at the external joints, but inclined to the lear, at 
an angle of about ten degrees, and that the interior 
face of the wall should he irregular, or formed into 
steps, that the pressure of the supported earth, actinff 
perpendicularly on the horizontal |K>rtions, may ada 
to its stability. 

Revetments, serving as retaining walls for wharfs 
and docks, are usually constructed in the form of 
portions of hollow cylinders, concave towards the 
water. According to present practice the exterior 
face of the wall is an arc subtending an angle of twen- 
ty dep;rees, thirty minutes ; and the centre of curva- 
ture IS in a horizontal plane, passing Uurough its high- 
est point. I^ therefore, the vertical height (H) of a 
proposed dock or wharf revetment be given, the 
required radius of curvature (R) will be found by 
the proportion, — 

As, sin. 20j : Rad. : : H.: JR. — 

The back of the wall and the tails of the counter- 
forts are usually, though not necessarily, concentric 
vith the curve of its exterior £Eu;e, and the joints of 
lie masonry coincide, or nearly so, with me radii 
r curvature. The floors of locks and dock basins 
imld also be in the form of portions of cylinders, 
nilar to those of the side revetments, that the hy- 
DStatical pressure, arising from any water which 
.y have insinuated itself behind the wall or under 
floor, may not, when the lock or dock is empty, 
w up the masonry. 

f the ditch be wet, and the depth of water be at all 
« at least six feet, it cannot be too broad, — if dry 
nnot be too deep, provided that in either case the 
obtained from the excavation shall Tiot e,iLC;^^ 
uantity absolutely required for t\ie coi«towi>AWi 5^*1 
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those portions of the works which are raised ahove 
the plane of site. In the first case, if the garrison be 
hut ordinarily virilant, a surprize is impossible, toA 
ihe labour and danger of the passage will be prop<»^ 
tionally increased, — in the second, not only will tiie 
besieger be compelled to descend into the covered*wiy 
to establish his breaching batteries, but even in tbft 
situation it will be next to impossible for him to open 
a breach sufficiently near the foot of the revetment to 
ensure its practicability. The increased depth of the 
ditch also seriously impedes the besieger in the con- 
struction of the descents. 

It is obvions that the height of the parapet of tiie 
covered-way must in no case be less than six feet 
above its terre-plein, and that its superior slope shonM 
intersect the plane of site at a greater or less distance 
from its crest in proportion to the proposed decliriQ^ 
or slope of the glacis. The terre-plein of the coverdt 
way is usually about eleven yards broad, measured 
from the foot of the interior slope of the glacis to the 
reverse or edge of the counterscarp. Opinions are 
however divided in respect to this subject. It is con- 
tended that if the besieger can, on reaching the ciwt 
of the glacis, see the opposite escarp revetment sufi- 
ciently near its foot, to breach it the breadth of the 
terre-plein should be increased; and, on the other 
hand, if from the depth of the ditch, or from any other 
cause, the revetment cannot be seen sufficiently near its 
foot from that situation, that it should be diminished, 
that the besieger may in either case be compelled to 
descend into the covered-way before he can commence 
the construction of his breaching batteries; and in the 
case last mentioned be further necessitated to cut into 
the glacis, — a tedious and hazardous operation, espe- 
cially if its interior slope be sustained, as is sometimes 
the case, by a solid wall of masonry. 
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Besides the worla enumerated and described in the 
preceding pages, others are occasionally constructed, 
either to equilibrate the defensive properties uf the 
several fronts, or to occupy ground wmch, being in 
the immediate vicinity of tne fortified polygon, might, 
if in an enemy's possession, exercise a dangerous 
influence on its defence. The additional iivorks em- 
ployed for these purposes are. Retrenchments, Lunettes, 
Counterguards, and Cro^vn, and Horn-works. 

Cormontaigne contrived a retrenchment for the bas- 
tion in the form of a lunette, or cavalier, with a narrow 
ditch in its front He traced its faces and flanks pa- 
ralld to those of the bastion itself, and cut off the 
communication along the terre-plein, by coapures 
raised across it on the prolongations of the faces of the 
adjacent ravelins. He preferred, however, to retrench 
the bastion, if it were sufficiently capacious, by a for- 
tified front, traced on a line, parallel to, and sufficiently 
in rear of, its gorge, to embrace the passages between 
it8 flanks and the extremities of the collateral tenails. 
Bastions may also be retrenched by a ditch, and para- 
pet en tenail. In this case, as in the case of the 
ooupures across the terre-pleiu, the retrenchment must 
join the faces of the bastion, at their intersections with 
the prolongations of the collateral ravelins. 

If lunettes be employed, those constructed on the 
saliants of the ravelins should be carried as far as 
possible into the country, by which means the enemy 
will be compelled to commence his approaches at 
the greatest possible distance from the place, and 
will, of course, be thereby proportionably retarded 
in his subsequent operations. The lunettes construct- 
ed on the saliants of the bastions should, on the con- 
trary, be as little advanced as possible, in order that 
they may not only flank those on the ravelins^ VyoXXyb 
themselves exposed to a reverse fire {conn t\iQVc fi^aiX^ii&^ 

o 
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should they be attacked by the enemy,, befoce those 
works axe in his possession. 

Oonnteriprnards have occasionally been constructed 
before bastions and ravelins, to corer a defective re- 
vetment and to increase their defence. If employed 
for these purposes their terre-pleins should be made 
as narrow as possible, and those constructed on the 
ravelins should be the more saliant, or the furthest 
advanced into the country* 

Horn and Crown-works have been freiqaently cm' 
stmcted either to strengthen a .weak front, or to oc« 
cupy ground which, in the enemy's possessian, would 
fEidlitate his operations i42;ainst the plaoe. The. de- 
fence which these works afford, however^is not equH 
valent to the expense attendant on their ooDstruetioii; 
moreover, they produce this incoDveniehoe, — the be- 
sieger is enabled, by means of batteries established on 
their saliants, to breach the faces of the bastions and 
ravelins before which they are constructed. It his 
been proposed, in order to remedy this defect, UluA 
they should be constructed beyond the glacis of the 
place, and that their covered-ways should be joined to 
the uovered-way of the place, in such a manner as to 
prevent their being attacked by the gorge. 

ifieUr ifortifiration. 

Field fortification is based on precisely the same 
principles as permanent, regard being had to its iatefit 
and object, and to the nature and character of the 
constructions by which those principles are put ioto 
operation. 

The habitual attitude of an army in the field in 
defensive. Hence, whatever may be the natural ad- 
vantages of its position, they should be artificially eB- 
larged. Ifj for example, its flanks rest on rivers, or are 
supported by woods or forests^ the fords, bridges, and 
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latlets should be destroyed, or secured. If it should 
ye commanded br a height, within the range of artil- 
ery, or if there ahouU be a village or farm-house on 
ftt flank, HI its front, or eren in its reac, the height, 
dlkigo, or house should be intrenched and oocupied ; 
ind^ 'finally, communications should be opened, es« 
jecially to tJie rear, and batteries should be prepared 
bs their, protection. 

Defensive field fortification may therefore be de- 
S]ied,4lfe axt of reducing, in number, the assailable 
joints of a given post, or position, in such a manner 
u to establish, in favour of the assailed, on the 
remaining pointy if not a superiority, at least an 
squality, of active forces. 



Various are the works and constructions employed 
in the field to protect the troops and to enlarge the de- 
GdDsive properties of a post, or position. Among the 
prinoipal may be classed, Hedans, Lunettes, Redoubts, 
Star, and Bastioned-Forts, T^tes-de-Pont, and Lines, 
continued, and with intervals, composed of all these 
wo^Sy except the last, infinitely varied and combined. 

Redans consist each of two branches or faces, 
usually about one hundred and fifty feet long, form- 
ing a saliant angle of not less than sixty degrees. 
rbey are easily censtmcted, and are of frequent use 
in the field, especially if an obstinate defence be 
not intended. Very weak indeed is that which a 
redan can afford, particularly if it be isolated, or if 
its rear be undefeUded. Redai>s are employed to 
cover barriers, bridges, fords, and the advanced posts 
of an army, and to defend the avenues and approaches 
t>f farm-houses and vi^ges. Double redans are also 
aocaeioBally employed fdr the like purposes. 

Lunettes are redanSf Mth flanks, and are of ^xn^er^oit 

o2 
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internal capacity. They are usually employed in fircmt 
of other works, to cover the approaches, and to seardi 
into and defend those parts of the ground ^rhich cai^ 
not be seen from the work itself. Lunettes are ako 
sometimes constructed in front of the long curtains tf 
continued lines, to cover the .outlets and to procure a 
cross fire on the capitals of the redans and bastions. 

Redoubts are enclosed works without flanks, «ai 
are either square, polygonal, or circular. Circular 
redoubts are seldom, if ever, constructed. The d^ 
fence afforded by a redoubt, especially if its ditch k 
defended by tambours, or covered loop-holed capom- 
dres, is very respectable. Its saliants should — as in- 
deed should the saliants of all works which are not 
flanked — be directed towards, or be covered by inao> 
cessible objects, either natural or artificial, it hai 
also been recommended as a means of still further 
improving the defence of these works in the directkm 
of their capitals, to indent the interior slope of the pa- 
rapet adjoining the saliant, or to form it eu oremaill^fi^ 
— an operation next to impracticable in the field. 

Star-Forts consist of a succession of saliant and 
re-entering andes formed on the sides of a polygon. 
The defence which a star-fort affords is, particulariy if 
it be formed on a hexagon, or any higher polygon^sa- 
perior to that afforded by a redoubt. 1 ts saliant angles 
should not be less than sixty degrees, neither should 
its re-entering angles be less than nor much exceed 
ninety degrees. The length of each face should not 
be less than forty-five feet, that its fire may be le* 
spectable, and that its defenders may see into the 
ditch of the one opposite. Neither should it modi 
exceed ninety feet, that the magnitude of the whole 
work may be proportioned to, and not exceed, the 
space absolutely required for the accommodation of 
a garrison sufficient to line its parapet with, if ae- 
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eoKHtij, a reserre. Star-ibrts, formed by describing 
equilateral triangles on the sides of a regular octagon, 
afe, of all others, the most oonvenientW constmcted 
OB the ground, and they afford a sufficiently good 
defence. But a star-fort, formed by a similar process 
on the sides of a dodecagon, is the most perfect of all. 
Its re-entering or flanking angles — the saliant being 
rixiy — ^are each precisely ninety degrees. 

Bastioned-Forts are employed only for the protec- 
lioii of posts of importance. They are traced on the 
mne principles as Vauban's First System, — the length 
of the lines of defence being determined by the range 
of an ordinary musquet. On this principle the extent 
of each front should not be less than one hundred, 
neither should it much exceed two hundred and twen- 
ty yards; and, that the fire of the flanks may search 
teto and defend the ditch in front of the curtaiu, it 
ahoiild within these limits, be increased, or diminished, 
in proportion to the height or relief of the proposed 
panupet The counterscarp is usually drawn j^arallel 
to tne curtain, flanks, and faces of the bastions, — 
the ground in front of, and extending from, the inter- 
lection of the lines of defence to the shoulder of the 
battioD, being formed into a ramp or inclined plane. 

T^tes-de-Pont are thrown up on the banks of rivers, 
Co protect the bridges, and to cover and support the 
pttBsage. The extent and strength of a t^te-de-pont 
miist depend on the importance of the communication 
which it is intended to protect If the breadth of the 
river be such that the branches of the work can be 
ftanked from the opposite bank, a simple redan may 
be employed as a t^te-de-pont. Double redans and 
portions of star and bastioned-forts are also employed 
B8 tfetes-de-pont. The best position for a work of thia 
description is in the concave bend of the 8teea.m, — 
because, in that ntuation, not only do its fiaA)^ ca\^ 
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ceal the bridge from the enemy's view, but tbe 
ground, over which he must move to the attack, may 
be defended, at the same <time, if the breadth m 
the stream be not to<f great, by a cross and a con- 
verging iire. 

Lines, composed of a succession of redans, connect- 
ed by straight cnrtains, not liable to be enfiladed, an, 
of the various descriptions of connected lines, those 
best adapted to a level or champaign country. The 
redans in this kind of lines, that the fire of their hots 
may reciprocally defend each others saliants, sheaU 
not be farther apart than one hundred and tvrent^ 
yards. Lines, composed of redans and straight cm^ 
tains, are however obnoxious to this objection, — tkc 
ditch in front of the curtain is unseen and undefended. 
If, to remedy this defect, the curtain be broken, as is 
sometimes ite case, into a saliant angle, its hon, 
unless their prolongations fall within the saliants of 
the redans, are subject to be enfiladed. 

Indented Lines, or Lines en Cremaill^, are liable 
to be enfiladed in every direction, unless the prolonga- 
tions of their faces are made to fall on inaccessible 
objects. Lines en Cremailldre are usually employed 
on the banks of rivers, or on ground which is noie 
elevated than, or which commands, that occupied by 
the enemy. The defence of these lines is sometimes 
strengthened by means of double redans, and flat 
bastions constructed at intervals, along their front. 

Bastioned-Lines afford a powerful defence, especi- 
ally when they are traced on a concave curve. They 
are constructed on the principles laid down by Vaubaa 
in his First System, — tne distances between the colla- 
teral bastions being restricted to one hundred and 
sixty yards, except the curtains be covered by redans, 
or lunettes. In such cases the intervals between the 
bastions may be extended to tv<io hundred, or even to 
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two handled and fifty yards, without inconvenience. 
If the curtains foe corered by redans, or lunettes, the 
laces of these works should foe directed to the shoul- 
ders, and their saliants, that they may foe defended, 
should foe under the fiie of the men stationed on the 
banquettes, of the foastions. The curtains connecting 
the foastions are occasionally foroken into re-entering 
angles, to increase the defence at the gorges of the 
re&ns and lunettes. 

Broken Lines, or Lines composed of redans, lu- 
nettes, redoufots, and other detached or isolated 
works, placed at certain distances apart, in one or 
two nuks — those in the second rank being opposite 
the internals of those in the first, — are generaUy pre- 
ferred to connected or continued lines. They are 
more readily adapted to the ground than are conti- 
nued lines and they admit of greater freedom of ac- 
tion on the part of the defenders, who can pass at 
once through the intervals, from the defensive to the 
offensive. Broken lines, or lines with intervals, are 
less extensive than continued lines, and consequently 
can, at the same cost of time and lafoour, foe more so- 
lidly constructed. Lines of redoubts, or of other en- 
closed works, if of a respectable profile, possess also 
this further advantage ; — they may^ in case of need, 
be garrisoned foy that portion of an army which is 
comparatively inexperienced. Lines with intervals 
are traced so that the works each present a saliant 
angle towards the enemy, while the faces of those in 
the first line, if produced to the rear, fall upon the 
faces of those in the second, at an angle of not less 
than ninety degrees. If this precaution in laying 
down the trace foe neglected, tne works in the nont 
line, if open at their gorges, will foe of comparatively 
little value; font, foeing flanked, and their saliants 
defended foy the faces oi those in the €ecot^d.^\!&L««^%.^^ 
greatly to the genenl defence. 
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Every field-work bas for its object, to present to tn 
assailant an obstacle to be orercome; and, at- the 
same time, to the assailed a sufficient coTer, under 
the protection of which he can use his arms to t^ 
greatest possible advantage. It is therefore indispen- 
sable, that its profile should be planned in accordance 
with these two conditions. 

Earth, newly disturbed, exceeds^ by about one-sixtli, 
its orinnal bulk, or magnitude. The most effectire 
obstacle that can be presented to an assailant it t 
ditch of greater or less breadth and depth. It is abo, 
perhaps, the easiest to execute with despatch. On 
lerel ground the depth of a ditch should not be less 
than six feet, neither should it exceed ten, if it is to be 
excavated by means of the spade and pickaxe alone,—- 
usually the only implements that can be procured in 
the field. If a ditch be flanked, it should be broad 
and shallow ; if undefended, narrow and deep. The 
breadth in the one case, or the depth in the other, being 
determined, the remaining dimension must be sack 
that the excavated earth shall just suffice for the con- 
struction of the parapet, and the other elevated portions 
of the profile. As respects the slopes, their relative 
steepness must depend on the nature and tenacity of 
the soil. In earth of little tenacity, an escarp, loaded 
with the weight of a parapet, cannot sustain itself it 
the base of its slope be not equal to its vertical height 
The counterscarp has no parapet, or other superincum- 
bent weight, to support. It is, moreover, but little 
exposed to the fire of an enemy's artillery. Conse- 
quently there is no danger, but on the contrary, great 
advantage, in making it as steep as possible. 

The parapet must be of sufficient height and thickneK 
to cover the assailed, and to arrest the flight of the as- 
sailants projectiles. Its height must therefore depend 
oa the nature andchaiactei of the ^und in its fitnit 
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If the ground rises as it recedes from a work, the parapet 
must he high ; if it falls, it must he low, in the same 
proportion. On level ground, the height of the para- 
pet, ahove its terre-plein, is usually ahout seven feet, 
six inches. As regards its thickness, experience has 
shewn that a twelve pound shot, fired at a range of 
five hundred yards, will penetrate into a bank of ordi- 
nary earth, well rammed, about seven feet ; and that a 
musquet ball, fijred from a distance of one hundred 
and seventy yards, will penetrate into the same bank 
about eighteen inches. Hence, the mean thickness 
of a parapet, to resist musquetry, the nature and den-* 
sity of the soil being considered, should not be less 
than three feet; nor less than twelve feet, to resist ar- 
tillery. The breadth of its slopes must depend on the 
breadth of the ditch, and the nature and tenacity of the 
soil. If the soil be tenacious, the base of the exterior 
slope need not exceed one-half, or two-thirSs, of its 
height [n common earth the base is usually made 
equal to its height, and in sand it is sometimes made 
equal to three times its height The superior slope 
should be directed to the summit of the counterscai*p, 
or to the crest of the glacis ; or if the ditch should be 
too narrow to admit of this direction, to a point not 
more than three feet above it, and the base of the in- 
terior slope should not exceed one-third of its height 
It should be made as steep as possible, and it is, there- 
-fbre frequently revetted. 

It is usual, in the field, to allow only four feet, two 
inches, to the breast height, or height of the crest of 
the parapet, above the tread of the banquette. Hence, 
the banquette varies in height with the height of the 

Siapet The breadth of its tread must depend on 
e order in which the troops are to be formed for the 
defence. If they are to be formed in a single toaik^ 
three feet will be sufficient ; if in a dou\Ae t».\iV., VtnfG^ 
four to £ve feet will be required, ^t^wj, «XVomTi% 
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for the recoil, requires from twelve to eighteen feet, 
according to the nature of the ordnance. In open 
works, the bat»e of its slope should he at least equal to 
twice its vertical height. It is sometimes, in enclosed 
works, cut into steps, to increase their interior ca- 
pacity. 

The herm, if one be constructed, is usually from two 
to three feet wide. Its precise breadtli must depend, 
however, on the height of the parapet and the nature 
of the soil. In marshy ground it has been found ne- 
cessary to place the parapet at from fifty to one hun- 
dred feet, in i*ear of the ditch, that it might not press 
with such force on the escarp as to cause it to give 
way. A berm is a great, though at times a necessaiy, 
evil. It facilitates an assault or escalade, and, when 
it is not flanked, it affords to an assailant a convenient 
resting place. A bertn should, therefore, never be con- 
structed,if it can, by possibility, be avoided. Jf it cannot 
be avoided, it should be made as narrow as possible, 
and should not be left horizontal but be sloped, or 
rounded off, into the ditch. 

It is not usual to construct a glacis before a work 
of moderate elevation. If the command of the para- 
pet be considerable, the construction of a glacis be- 
comes not only advisable, but in many cases indispen- 
sable. It allows a less inclination to be given to the 
superior slope of the parapet, covers its exterior slope, 
and renders the decent into the ditch more difficult 
llie profile of the glacis is determined by that of the 
parapet : its height being less, by at least the height 
of the latter work, above the tread of the banquette; 
or, if there be no banquette, by its height above the 
terre-plein. Its breadth depends, in a great measuxei 
on the configuration of the ground, in advance of the 
counterscarp, and its slope usually coincides, or nearly 
60f with the superior slope of the parapet, or, rather, 
with its prolongation. 
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Besides tlie works described in the preoeding para* 
foeaphs, there aie others, such as Inundations, Abattis, 
Palisades, Fiaises, Trous-de-Loup, Chcvaux-de-Frize, 
and Crows' Feet, which, though usually considered to 
be auxiliary to them, are also frequently employed 
independently. 

Inundations are formed by means of dams, or dykes, 
constructed across rivers and water courses. They 
am formidable obstacles to the approach of an enemy. 
The extent of an inundation must depend on the ex- 
tent of the dyke, or dam, by which the water is retain- 
ed, and the nature and character of the ground in the 
immediate vicinity of the stream. It should, if pos- 
sible, be of sufficient depth not to be fordable. If, there- 
^le, either £rom the nature and character of the ground, 
or from a deficiency of water, it should be impossible 
to give an inundation sufficient depth by means of the 
dam or dike alone, trous-de-loup, or trenches, in two 
lines — those in the second line being opposite the in- 
terrals of those in the first — should be cut to receive a 
'portion of the stream. An intrenched position, cover- 
ed bj an inundation one hundred and -fifty feet in 
fareadth, and Wween five and six feet deep, is gene- 
rally considered to be inattackable. 

Abattis are constructed of moderate sized trees, and 

f the limbs and stouter branches of such as are of 

jcger dimensions. An abattis, well and substantially 

tnstructed, whether employed independently, or as 

\ auxiliary to another work, is a formidable defensive 

stacle. It is, also, in those countries in which wuod 

lunds, of ready and easy construction. The proper 

ition for an abattis must depend on the nature 

I character of the work to which it is to be ap- 

d. It is sometimes placed on the terre-plein of 

oovered-way, sometimes against the coun.tet«K«t^^ 

ttt others behind an advanced ^\ajc\^. \^> N& ^^ 
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emplojed ai a substantiTe woik along the ontaUrts 
of woods and forests, acitMs xoads, anid oocaaianattj 
to fill up the intervals between detached works, or 
in broken lines. 

Palisades and Praises are likewise formed ont of 
trees and their branches, cut, according to their dimen- 
sions, into triangular prisms, pointed at one extremirr. 
The best position for a line of palisades is in the ditoi, 
at the foot of the counterscaro. Praises are nsnaltf 
planted horizontally, or slightly inclined to the hoB- 
zon, on the berm, or crest of the escarp. It is in 
established maxim, that neither abattis, palisades, 
nor fraises should be planted in situations which aie 
exposed to the fire of an enemy's artillery. 

Trous-de-loup are excavations or pits in the shne 
of inverted truncated cones, or pyramids, llie pils 
are sunk either in connexion witn each other, or at 
short distances apart, in two or three lines, opposite 
each other's intervals, and are usually constracted on 
the edge of the counterscarp, opposite a saliant angle. 
Each pit should have a pointed stake planted in it, 
and should be at least five feet deep, otherwise an 
enemy may avail himself of it, as a cover for his 
skirmishers. 

Chevaux-de- Prize are made of both wood and iron. 
They but very imperfectly supply the place of an 
abattis, except when they are employect to close s 
gateway, or barrier. 

Crows'-Peet are formed of iron, and present an ob- 
stacle to the advance of cavalry. Each loot consists of 
four points, about six inches long, so arranged that one 
is always in the air, while the other three are, like the 
feet of a tripod, on the ground. Stakes, driven firmly 
into the earth, and cut off diagonally with a spoke- 
sb&ve, at about nine inches from its surface, are so 
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excellent substitute for crows'-feet They are fre- 
quently employed as an obstacle to the advance of 
both infant]^ and cavaliy. 



Experience has demonstrated that soldiers, placed 
under cover, or behind an epauhnent, invariably de- 
Uver their fire in lines perpendicular to its crest it 
haa also been proved that each piece of artiDery 
occupies fifteen, and each infantry soldier from two 
jfoet six inches, to three feet lineal of the parapet, by 
which they are covered ; and further, that in enclosed 
works, each man of the garrison requires, for his 
accommodation, ten, and each gun and its appurto- 
nances, five hundred superficial feet, independent of 
the banquette. 

It is manifest, therefore, that an intrenchment, 
traced on a straight, or right line, presents but an 
indifferent obstacle to an enterprizing enemy, and 
that serrated lines, or lines which reciprocally flank 
and defend each other, alone afford an efficient defence ; 
that the saliant angles of a work should be covered 
by impassable obstacles, and, if its faces be exposed 
to be enfiladed from a height in its front, or on its 
flank, that their prolongations should be directed 
wiUiin the commanding points ; that lines across val- 
leys should be traced on curves concave towards the 
enemy ; and that an enclosed work, especially if it 
be isolated, for a garrison of less than eighty-five 
men, should never be constructed. 

Engineers have also established, as fundamental 
maxims, that a re-entering or flanking angle, should 
never be less than ninety, nor much exceed one hun- 
dred degrees, and that a saliant angle of less magni- 
tude than sixty degrees should, if posslble,^^ «.No\dA^\ 
that the configunUion of the ground on NiiVncV ^ ^^"^ 
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is to be raised, must determine its figure ; that a line 
which defends, or flanks another, should not be more 
distant from the flanked or defended line,, if it be de» 
fended or flanked by musquetry, than one hundred 
and eighty, nor more than five hundred yards, if de- 
fended by artillery ; that, if poBsble, a larger front 
should be presented to the enemy than be. can present 
in advancing to the attack ; that a work thrown np 
for the defence of a defile, should always be witkii 
musquet shot of its debouche ; that an enclosed woik 
provided its periphery be not too extensive for ilB 
garrison, ^ould embrace the largest possible sur&ee; 
Siat the outlets should be placed in those situatioM 
which are least exposed to the enemy's ^e ; that in 
works raised in the immediate pesence of an enem^f 
the banquette should be formed first, and the eixieriar 
slope of the narapet last ; that the parapets of field- 
works shoula invariably be cro^^-nea witn loop-hdes; 
that in entrenching a neld of battle nothing is to be 
done that interferes with, or that does not admit of, 
an instantaneous defence ; and that, before a work is 
commenced, it should be ascertained whether the al* 
lotted time, and the means and materials provided, 
are sufficient for its completion. 



The quantity of materials, the number of men, and 
the time required, for the construction of any descrip- 
tion of field-work, must depend on, and be propo^ 
tioned to, its extent and character, the nature of the 
soil, the quantity of labour, the means of execution, 
and the mode of operation. 

As regards the materials, the character and extent of 

the work being known, the requisite quantity may be 

readily ascertained by a simple arithmetical operation. 

Jf, ^r example, it be lequned tA €iid the number of 
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fascines, sods, or sand-bags, that will be required to 
revet a slope, or line the cheeks of an embrazure, di- 
vide the length of the proposed slope, or cheek, by the 
length, and its height by the thickness, or diameter of 
a fiiscine, sod, or sand-bag, and the product of Uiese 
two quotients will be the number of fascines, sods, or 
sand-bags that will be inquired to revet, or line that 
particular slope^ or embrasure. 

The calculation is not quite so simple as respects 
the requisite number of men. It depends not alone 
on the extent and character of the work, but on the 
relative dimeDsions of its profile, especially on those of 
the ditch, and on the number of hands that can be 
employed simultaneously. If the ditch, for example, 
be of sufficient breadtli, the men charged with its 
excavation may be posted in two ranks, or in one, 
at intervals of two paces, or four feet between the files. 
In the first case, the excavated earth will be thrown 
by the men posted along the outside edge of the ditch 
to those on the inner edge, and by these last to a third 
rank posted on the parapet, by whom it will be spread, 
and tne elevation raised, in accordance with the prede- 
teAnined profile. If there should be a berm of more 
than ordinary breadth, a fourth rank must be stationed 
upon it to throw the earth, which in this case will be 
thrown to diem, to the rank on the parapet 1 1 is there- 
fore manifest, that to raise an intrenchment having a 
bierm one man will be required for every foot in the 
mean length of its ditch; and that, in the case of a 
|m)file widiont a berm, — the men in the ditch being 
able to throw the earth on the parapet at a single oast, 
— ^three-fourths of that number will be sufficient. 

As respects the time required, no precise and ge- 
neral rule of calculation can be given. It must de- 
pend on the nature arid density of the soil, and the 
consequent quantity of labour, both of w\\\c;\i vt^ c^«t 
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Tarying. Experience has proved, boweTer, thai, in 
a medium soil, or in a soil which can be moved 
without the aid of a pickaxe, a man, of ordinaiy 
aptitude, can excavate two hundred cubic feeira 
earth in twelve hours ; and of the whole content «C 
the ditch, the portion to be excavated by each maa 
is equal to the area of its profile, multiplied into 
the distance between the men, if formed in t 
single, or into half that distance, if formed in a 
double rank. Hence, if the quantity which each 
man has to excavate be multiplied by twelve, and 
divided by two hundred, the quotient will be the 
time that will be required to raise an intrenchment 
of the given profile and dimensions in that partica- 
lar description of soil. 

Friction, — Mechanics. 

The friction produced by one body moving ova 
another while they are pressed together, is caused 
by the change of figure, which, in consequence of 
the pressure, the contiguous surfaces of the bodies 
undergo while in motion. By which, a certain force 
is required to raise the moving surface over the 
protuberances of the one at rest. 

The following are a few useful results obtained 
from the experiments of M. Coulomb; one body 
being made to move horizontally on another, and the 
bodies being pressed together by a certain weight. 

When the motion is in the direction of the fibres, 
the surfaces remaining in contact two or three 
minutes, and having no unguents between them. 

The friction of Oak against Oak is equal to ^.^:f of the 
pressure arising from the weight of the upper body. 

Of Oak against Fir i}g 

Of Fu- against Fir ^.^ , 

Of Elm against Elm j.^. 
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In this case fhe fKction does not appear to depend on 
the yelocitj, bat jt incfeases with the time of eontact^ 
gearJiing its maximum in eight or ten seconds. 

If the direction of the motion be perpendicnlar to that 
6f fhe fibres, the friction of Oak against Oak, is equal 
Id y.|t of the pressure. 

. When Oak rubs against Oak, in the direction ef 
the fibres, and with the surfaces greased. 

Wiiti a pressure equal to, — 

3250]bs. the friction is equal to « f .^ of the pressure. 

850 „ «.• j^.f „ „ 

250 „ ....^•« T-|.y ,,. „ 

50 „ ...••... Y'T » w 

Here the friction increases with the time of contact; for 
example, when the pressure is 3250 }bs., the friction, imme- 
lately on application, is ^^.^ of the pressure. 

In one minute . ^ . • . . . . j'lj 
In one hour ...*....•. ,| j 
In five days .«.. 5*^ 

. Wlien the rubbing surfaces, are without ui^oents. 

The friction of Iron upon Iron, is ^.^ of the pressure. 

Of Iron upon Brass, is ^.^ 

' The friction in thia case is independent both of (he area 
of th9 surface in contact, and of the velocity. 

When the surfaces are greased, and the pressure is 
fiquul to 1650 lbs. 

The friction of Iron on Brass is from tI-^t to f]^ of the 
pressure, and depends but litUe on the time of contact 

Of Iron on Iron 1^., 

Of Iron on Oak 7^.3 in half a second. 

T.iv in four hours. 

^,\j in four ^%. 

p 
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FUZ. 

In driving the fuzes it is essential that the sereral 
ingredients be thoroughly incorporated, — that the 
eofnposition he perfectly free from moisture, — that the 
case be uniformly charged each time the drift is in- 
sSifted,— and, that the strokes of the mallet be delivered 
with a steady hand and uniform force — giving always 
tke same number to each ladleful or charge of tha 
composition. 

If these particulars be not carefully attended to, the 
faze cannot be expected to bum equably, a point on 
whi^h the effect of the shell principally depends. 

' The implements required, are : — 



Blodks and Sockets 1 

MfOlets 1 

Drifla 3 



Coffer Ladles .......... 1 

Guages » a. 1 

Composition Boxes I 



Cutting Knives 1 

Cfiven the Range t9find the Length of Faze, 

The 13 and lO-Inch Fuzes each bum *22, and the 
8, 5i, and 4i-Inch, *24 of an inch in a second. If 
either of these fractions therefore be multiplied by the 
time of flight, in seconds, the product will be„ the cor- 
responding length of fhze, in inches. 

Required the length of faze fbr a .If-inch shell, the range 
Mug 800 yards, and the time of flight 13| secondst 

Here, 12-75 x "S* =3-06 Inches. 

Kottvr^lt the faze he driven with the second compo> 
sitiosi, the above rule most be varied, as 2i inchea of all 
tba natures hum exaody one minute. This last compo- 
sition was originally proposed by Uie late Major Balpfa 
WiUet Adye,.in a letter from Gibraltar, addressed to the 
cothor's father. Major Adye also proposed in that letter^ 
that there should be only two natures .of &&zq^ \a ^Ceu^ 
ieivice, thelO- and 5j--inch. 

p2 




Grit it y. — Bridge,— Gunnay. 

Gravitj denotes tLe oaturol tendencj, or inoliB^ 
tion of all bodies ton^da tbe centie of the eutL 
It is eitbet Absolute, or Specific, 

Absolute Giavii; denotes the whole force wilk 
wbid) a. body tends downwuds. 

Specific Gravity, llie relative, or uomparative gi* 
Tity of an J body, in respect to that of another bodj 
of equal bulk, or ma^itude. It further denoU) 
that gravity, or -weiaht wbicb is peculi&r to nob 
species or Innd of body, and by which it is dirtir 
guisbed from all other species, or kiDde. 

In this sense a body is said to be specificaOj 
heavier than another, when, under an equal bulk O 
magnitude, its weight is greater than that other,— 
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Aiid, reoipreeally^ the ktter is said to be-speerfically 
lil^&ter toan the fornHer. 

Spbcific GRAYiTui or Solid and Fluid Bodiss. 

JlcSd^'Boraeic.-.-.*.-./j 1,830 Cocoa Wood.. ; 1,04!$ 

Muriatic. . . v . . l^lTQf Copper (cast) 8,788 

Nitric... 1,91^ (sheet) BfllH 

NitK>ii» i ^fiSti (wire) ....;. 8,fi7flf- 

^ulpli^irie . . . . . 1,841 Cork ;;.; ^40 

Ait (in a mean state) 1*^92^ Cypress, Spanish. . . . 644 

Alabaster 1,874 Baith (common) ... . IfifA 

Aider ....;tf^. •.*.■..• 800^ Ebony, American.... l^i 

AitUBi ..^i I,7Sp Indian 1,20$ 

AikttBony .•.•^....;.. 6,712 Eldertree 699 

Appletree......^.... 793 £lm < 671 

Arataio ....i.... • 5,763 Emefy :;....•.-.:. .. 4,0i90 

Jtilt (the inink) i 845 £ther, Mtcriatic 87^ 

dilutes (prismatic) a,7S2 Salpfaaric 739 

Bsjtree ....i.- .•.•.-... 823 Fflberttree; 600 

deMi(i.......v...... 852 ]^,Male......^... 550 

Bimnath (moken).;. . . 9,82Sf Female ........ 49^* 

Boiu 1,714 FHnt 2^70 

Boxwood .....w 1,030 Freestone 2l;452 

Brandy *< 837 Olass (common grfeen) 2,600 

Bnftil (east). .• 8,000 (crystal).. s!^]50 

(wire) ...r 8^544 Granite, Aberdeen... 2^625* 

BiUtt .r.r^^ • 2,000 Cornish.... 2,^ 

IftMbze .««.....;. S^iSSf Oe]JDl(fine>.........19,64Q 

CiUipeachy Wood . . .- 9]df (standard) .-. . . . 18,88^ 

Cedar, Afflericari...^ 561 Gun-Metal.. 8,78^ 

Indian 1,315 Gunpowder (solid) . . . 1,749 

Palestine.... 612 (confined) 9^ 

WM,....4id 596 (loose).. 86^ 

eiuOk, British .2,784 Gypsum HfiStf 

didrooal^....-tftfrf... ftazel ....-.-..-.-.. ... iflOtf 

Cberrytree .715 Ice 930 

Cftp0« Wood ....... 726 Iron (cast) ...7,425 

Ckef ..w t,i60 (wrought) 7,S» 

Coal 1,M0 Iroiy I^ 

CobiOiicast) 7^1 Jasmin, l^auMh ... . 770^ 
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Junipertiee 556 

Larch 540 

Lead 11,325 

Lemontree. 708 

Lignam-Yite 1,333 

Lindentree 604 

Mahogany 1,063 

Maple 750 

Marble 2,700 

Mastictree ».. 849 

Mercury (32* Fahr.)- 13^98 

Milk l/)30 

Mulberry, Spanish. • . 897 

Medlartree 944 

ITickel (cast) 7,807 

Nitre 1,900 

Oak,£nglish 950 

Afncan 980 

Adriatic 990 

Canadian • . • « 872 

Oil, Castor 970 

Linseed 940 

Olive 915 

Turpentine 870 

Whale 923 

OUTCtree 927 

Orangetree 705 

Palladium 11,300 

Peartree 661 

Pewter 7,471 

Pine 660 

Pitch 1,150 

Platina (pure) 23,400 

Plumtree 785 

Pomegranate 1,354 



Poplar 

Porphery • . • • • Sy 

Quincetree 

Rhodinm 11^ 

Rosin Ij 

Bait ••••.• ••••••«0 2l| 

Sand 1, 

surer (fine)., 11^ 

SilTer (standard) ••••10^ 

Slate 9^ 

Sodium 

Steel 7, 

Stone (lime) 3^ 

(paving) ...... % 

(Portland).... 9^ 

Goad) 4i 

Sulphur 1, 

Tar 1^ 

Teak 

Tin 7, 

Vine 1^ 

Vinegar 1, 

Walnuttree 

Water (common) ... . Ig 

(rain) |, 

(river) 1, 

(sea) •. 1, 

WiUow , 

Wine, Bordeaux 

Burgundy..., 
Champagne . . , 

Moselle 

X on •..«••••• 

Yew 

Zinc 6, 



These numbers being the weights of a cubic foot 
1728 cubic inches, of each of the bodies, iu afi 
dupois ounces, the quantity in anj other weighty 

ibe weight in any otibet (\u^iitit^^ may be reaid 

found hy the following iu\es-.— 
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U Given the Weight of « Boify^ to find its Mag" 
miiude. 

Multiply the weight of the body, in ounces, by 1738, 
and di?ide the product by its tabulated specific granty, 
-—the quotient will be the content, in cubic inches. * 

. Bequired the number of cable inches in a closely-shalEen 
mats of gunpowder weigMng lib t 

Here 15.^1^ = 30-05 Cubic Indie*. 
920 

, 3. Given the Magnitude of « Body to find iU 
WmghL 

Multiply the content of the body, in cubic feet, by 
its specific gravity, and the product will be the weight, 
in ounces. 

Required the weight of a plank of oak, Mb dimensions 
behig 10 feet in length, by 3 in breadth, and 2} in depth I 

Hei^— ^ ^^ = 4458135Ita. 
10 

On the Force of Gravity. 

The earth being of an oblate spheroidal form, the 
flnee of gravity will be greater near the poles than at 
file equator; and it is measured by the velocity gen^ 
rated in one second of time by a body falling from « 
slate of rest Let this velocity be ezpressea by 2 ff, 
wli^ie g iiepresents the space a body falls throuj^ 
during one second, then f (c g- 

But when a body falls by Uie force of gravity, the 
spaces descended are proportional to the squares of 
lae generated velocities. Therefore, let a body jfol] 
Ikiougfa equal spaces (s), by two difierent gravitating 
feeoes, repiHesented by f and/, or by g and g . T^«&.p*> 
g:(3g)*. : : s : 4 s g; and g : (2^)* i ; a ^ 4 a 9^ 
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Bat 4 8 g and 4 s ^, which repretent the velocilifli 
generated after describing equal spaces, are, e?ideBl]|, 
to each other as g to g; that is, as tiie gravitatutf 
forces. Therefore, f ae ?' when the spaces ore eqiii£ 

Again, the velocity of a pendnlons body nbratiag 
by the force of gravity, is equal to that acquired by ft 
body falling through the versed sine of the aro d 
vibration ; and if two pendulums are of equal length, 
and describe equal arcs, the versed sines are equal, 
and f is proportional to the square of the velocity of 
the penaulum. But the number of vibrations ]mp- 
formed in equal times is proportional to the veloatj; 
therefore, the force of gravity in different placw oi 
the earth's surface is proportional to the square of the 
number of vibrations performed, by equal pendnlmaii 
in equal times. 

The increase of the force of gravity from the equftp 
tor towards the poles, is proportional to the square of 
the sine of the latitude ; and according to Captaia 
Sabine's experiments, the whole increase of the loice 
of gravity at the pole beyond thift at the equator it 
equal to '20227, — the force at the equator being ex- 
pressed by unity. 

On the Centre of Grayity. 

The centre of gravity of a terrestrial body or vfttam 
of bodies, is that point through which if a plane be 
made to pass, and tnat plane be brought to a veitkfti 
position, the sum of the actions of gravity upon all thi 
points or bodies situated on one side of the plane if 
equal to the sum of the actions of gravity upon all thi 
points on the other side. 

As the gravitating principle acts in lines passing 
through any given point and the earth's centre, and 
these lines may be considered parallel to each other 
without sensible error, within the limits of any systea 
ofbodies connected lo^ethec foe mechaBical purpotMi 
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it lollows that the centre of gravity of any body, or 
syMeBi of bodies, may be found by the theory of 
parallel forces. 

It will follow from that theory that the centre of 
gtAwity of a right line is in the middle of its length ; 
because the sum of the actions of gmvity upon all the 
fotniB on each side c(f its middle point will be equal to 
MMh other. 

' And for a like reason, the centre of gravity of a 
oilole, of a regular polygon, of a prism, of a cylinder, 
of a Sphere, or of any regular body, is in its centre. 

The centre of gravity of a triangle is found by 
bisecting any two of its sides, and drawing lines from 
the points of bisection to the opposite angles, — the 
intersection of these lines will be the centre of gravity 
required. For, suppose the triangle to be composed 
of an infinite number of right lines pandlel to one of 
it^ Mes, the centre of gravity of eacn line being in its 
ndddk, that of the whole figure will be somewhere in 
a line bisecting all those parallel lines, which wilLbe 
the line drawn frem the middle ef one side to the 
<yposite angle. For the satiie reason, the centre of 
eravity of the whole will be somewhete in a line 
cbawn from the middle oi another side to its op|K>site 
angle ; therefore, it will be in the intersection of two 
ntehlines* 

The centre of gravity of two bodies is, from the 
theory of parallel mrces, in a line joining the centre of 
gravity of both bodies, and is at a distance from each, 
inrersely proportional to the masses or weights of the 
bodies respectively. 

Thus, the commfon centre of gravity of two bodies, 
A aiid B, may be fbitnd by the following proportion, — 
The sum of the weights of A and B, is to tne weight 
of A, as the distance of the cetftres &f gravity of A 
and B, is to the dtstanee of the common c«iq!U^ ^t 
gravity of the two bodies from that ol 1^. 



ORE. 

ne centre of gravity of any irregular figfure may 
be found by dividing it into triangles, finding the 
centre of gravity of each triangle separately, joining 
any two of those centres by a right line, and finding 
the common centre of gravity of those two triangles, 
by the proportion just mentioned ; expressing the 
weights of the triangles by their areas which are 
proportional to their weights, then joining this centre 
of gravity, and that of a third triangle, and finding 
the common centre of gravity of the three trianglei 
as before, and so continuing till the centre of gia- 
vity of the whole figure is found. 

The centre of gravity of any plane surface may 
be found experimentally thus: — place the sur&ce 
in two different positions on the edge of a prism, 
and move it about till it is in equilibrio in both 
positions; then, draw lines upon the surface, co- 
inciding with the edge upon which it rested in 
equilibrio, and the intersection of those lines will be 
the centre of gravity required. 

in the same way the centre of gravity of a solid 
body may be found by balancing it in three dif> 
ferent positions on the edge of a prism, and im- 
agining vertical planes to pass through the lines on 
which the body is in equilibrio ; for then the centre 
of gravity of the body will be the point of the com- 
mon intersection of all the three planes. 

G a£ ASE. — Friction^ — Mechanics . 

The composition used to lubricate axle-trees, etc. 
in the artillery service, is composed of equal parts 
of tallow and the coarser kinds of sweet oil, wnich 
are melted together, and made up into kegs of 
28]bs. each. 

Gbbnaoe. — Fuzey — Shells, 

Grenades may be thrown by hand to the distance 
of id fathoms. 
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G ON NKRY^ — Flmdiy — MtftioH^^^PendrnhM^ 

Matbematicians, treating on Gnmierfy ot iOm 

Science of Military Projectiles, divide the subject 
into two branches. In the one, they disiegard the 
resistance which the air opposes to the mofing 
body, — in the other, they endeavour to measufSy 
and allow for, the amount of that resistance. They 
have also endeavoured to determine the form of tM 
trajectory described by a projectile moving Uiroiigii 
the atmosphere, and the velocity due to H, under 
all the circumstances of its motion. 

On the Motion of Projectiles in ▲ Nmr- 
Resistino Medium. 

When a shot is discharged from a gun, in a ncto- 
resisting medium, by the expansive force of gan- 
powder, it would, by the laws of impulsive force, 
move for ever in a rectilinear direction with so 
uniform velocity, if it were not for the action nf 
gravity. But iu every case, except that in which 
the gun is fired in a direction perpendicular to the 
horizon, the power of gravity continually deflects 
the shot from the rectilinear direction which the 
force of the powder alone would cause it to ta^ 
and compels it to describe a curve line tendhig 
towards the earth, and to which curve the axis « 
the gun is a tanp^ent. And the place of a shot tS 
any time will be found by compounding the motion 
in the direction of the tangent during that time, 
with the motion which would take place by the 
action of gravity alone in the same time. 

Now, the spaces described by the force of the 
powder alone in the direction of the axis of the gni 
would be proportional to the times of describiDg 
them; but the force of gravity acting always pe^ 
pendicularly to the horizon, and being acceleratife, 
the deflections of like %\iot.) ftom the leotilineir 



GUN. 

Erection, may be conoeired to take place in parallel 
Hues, making a constant angle with the axis of the 
gon produced, and the lengths of those lines will be 
pioportioBal to the squares of the times of describing 
them, which times, by hypothesis, are equal to the 
times of describing the spaces on the tangent between 
the gun and the line of direction of gravity. There- 
fore, the deflections from the tangent by the action of 
giaWty, are proportional to the squares of the cor- 
responding spaces on the tangent ; and this relation 
of the spaces is a property of the parabola. There- 
fore, the trajectory of the shot, if its motion were not 
reasted by the air, would be a parabolic curre. 

Consequently, knowing the initial velocity of the 
shot, and the position of the axis of the gun, the fonn 
of its trajectory may be traced, and the extent of its 
range determined, — for the velocity, multiplied by any 
given time, will express the space which the shot 
would describe, by the force of the powder alone, in 
that time, on the axis of the gun produced. Then, if 
a vertical line be drawn through the extremity of this 
space, the deflection produced by gravity may be 
lound by multiplying the square of the given time 
l>y l^Vi feet, the space a body falls through in one 
second; and this length being set off from the tangent 
upon the said vertical line, will give the place of 
the shot, in the curve, at the given time. The extent 
<Kf the horizontal range may be determined as follows. 

Find the space through which a body must fall to 
obtain a velocity equal to the initial velocity of the 
shot, and on a line equal to this, as a diameter, de- 
soiibe a semi-circle. Then, if a line be inscribed in 
this semi-circle from one extremity of the diameter, 
and making an angle with it equal to the elevation of 
tlie gun, and a perpendicular be let fall upon the 
diameter from the place where the line m\/eT^QXa ^^ 
circle, it will be equal to one-fouxth o£ \]bLe tasv!g<e. 

q2 
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If the range be bisected by a perpendicular, whicb 
also cuts the axis of the gun produced, the middle of 
this line between the range and the axis will be the 
yertex of the parabola, or highest point of the ti^ 
jectory. The space due to the initial velocity is oaUed 
the impetus. 

On thb Resistance of the Air. 

It has been shewn by experiments made at Wool- 
wich, that the resistance of the atmosphere to the 
motion of shot, is nearly proportional to the squares of 
the velocities, when the shot are equal in diameter 
and weight, and when the velocities are less than 300 
feet per second ; but when the velocities are greater 
than this, the resistance is in a higher ratio than 
the squares of the velocities, gradually increasinfr 
with them. When the shot are of equal specific 
gravities, but of unequal diameters, and move witli 
equal velocities tlie resistance is nearly proportional 
to the surfaces, or to the squares of the diame- 
ters, but in a higher ratio, when the velocities are 
considerable. 

Dr. Hutton found by a series of experiments on the 
motion of an iron shot of 1-965 inches diameter, and 
1*401 lbs. weight, with different initial velocities, of 
from 300 to 2000 feet per second, that the resistance 
was nearly proportional to the 2*1 power of the velo- 
city ; but this term not being convenient, he assumed 
the resistance equal to M. tj* x N.v; where M and 
iV are indeterminate co-efl5cients of the velocitv («) 
the values of which are obtained by making this* ex- 
pression equal to the resistances determined by ex- 
periment with two difterent velocities. From the two 
equations thence arising, we have 3f='00002666, and 
A'=— '004025, whence the resistance of the atmos* 
phere against that ball, expressed in avoirdupoiBe 
pounds, is -00002665 v*— -004025 r. 
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When the velocity is less than 300 feet per second, 
the resistance is expressed by '00001765 v». 

To adapt these theorems to balls of any other size 
they must be altered in the ratio of the squares of the 
diameters of the balls; which reduces the former 

theorem to j 000007565 v« — -00175 I c?«, and the 

latter to •0000044d»r» ; d being the diameter of the 
given ball. 

When a ball is fired vertically upwards, the weight 
of the ball is to be added to the terms, expressing the 
resistance, in order to give the whole resistance to the 
ball's motion ; but the inertia of the ball is a force 
opposing the action of the air against it, and this 
inertia is proportional to the weight of the ball. 
Therefore the retarding force is expressed by 

(M.v'-Kv)d'+W ^^^^^ jf= -000007565, JV = 

w 

00175, and W^=the weight of the ball in pounds. And 
this being substituted for /, in the fluxional formula 

for variable motions ; viz. v, v=2 g.f. s; there is ob- 
tained by integration, the formula 669 d X com. log, 

««— 231-5 i?+18600d ^ . ji "u A .-u 

, for the space descnbed, or the 

18600 d ' ^ 

altitude to which an iron ball, of which d is the 
diameter, and v the initial velocity, will ascend ver- 
tically in the air. 

In this fluxional formula, v = the initial velocity, 
g=z 161^5, feet, /=the retarding force, and 5= the 
space ascended. 

When a ball descends in the atmosphere from a 
state of rest, it is evident that the motion begins, and 
increases by the weight of the ball, which is the con- 
stant accelerating force, and would produce an equal 
increase of velocity in equal times, if W vjet^^ovfest 
the diminutioii of motion caused "by lYie aVt'a t«svsX- 
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ance. Bat this resistance begins with nothing, and 
continually increases, in proportion to the square ef 
the velocitv uf the bull, nearly. 

It is evictent therefore, that, as the accelerating font 
is always th3 same, and the resistance always ine i ees- 
ing, it must happen that the latter will, at length, 
become equal to the former. When this takes place, 
there can, afterwards, be no farther accelemtion «f 
the motion, the impelling force and the reebtanei 
being equal to each other, and the ball must, e^er 
after, descend with an uniform motion. The Tdocilj 
which the ball has, when its motion becomes unifbtn, 
is called its terminal velocity. 

Since the resistance of the air is to be eqaal ts 
the accelerative force, that is, to> the weight of die 
ball, substitute in the formula of resistance, ▼!>.— 

I '000007565 V* — -00175 v] rf*, the value of i^ 

that is, the diameter of the ball, and make the resnk 
equal to the weight of the ball, in pounds ; then from 
this equation may be obtained the value of v, which ii 
the terminal velocity required. 

As the above formula of resistance is adapted to 
solid iron balls only, the result must be modified when 
the balls are of lead, or when shells are used. Shells 
filled with powder have less weight than iron balls of 
equal diameters in the proportion of 1 to 1*42; there- 
fore, the power to oppose the air's resistance will he 
less in the same ratio, and the terminal velocity will 
be less in the ratio of 1 to ^/ 1*42, or of I to 1*19. Con- 
sequently, having found the terminal velocity for a 
solid iron hall of the same diameter as the shell, by the 
above rule, divide it by 1*19, and the quotient will he 
the required terminal velocity of the shell. 

On the Trajectory of Shot in the Atmosphebe. 
The efPoxts hitherto made \a d«\A\mvae^ by tbeoiyi 
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the range of a shot, and the form of hs trajcctoij in 
the air^ may be said to ha?e entirdy failed, except 
when the velocity of the projectile is small, in whiphr 
eaee, the circumstances of its motion do not difliev 
materially from those determined by the paraMie 
theovy. Sir Jsaao Newton, who first developed the 
ktws of motion in resisting media, shews that the path 
of a shot through the air must be of the hyperbolic 
kind, having the asymptote of the descending branek 
perpendicular to the horizon ; and he considers that 
the conical hyperbola will represent the path with 
sufficient accuracy for practice. 

From the expeiimented ranges of two balls of eqaal 
bulks and weights, and discharged with equal irekedh 
ties, at different angles of elevation of the gun, he 
determines, by a tentative process, the positions of the 
asymptotes of either; and thence, by the general pro- 
perties of the hyperbola, he constructs the curves thej 
describe. He, also, shews how the range and curve 
may be found, when the velocity remains the same, 
and the elevation is changed, or, when the elevation 
is the same, and the velocity is chano-ed ; and, oonae* 
quently, the real trajectory may be determined for a 
wot discharged in any circumstances, provided we 
hiSLV^ from experiment the ranges of two shot, simihir 
and equal to that of which the trajectory is required^ 
and fired with different velocities from a gun, also 
similar and equal to that of which is to be used. T^e 
practice carried on at Sutton Heath in 1811 and 1B12^ 
affbrd many data for shot and shells, by which the 
hyperbolic theory has been tried; and it has been 
found to give ranges which do not differ more from 
those obtained by experiment than many of these differ 
from each other, even when all drcumstances are equtU; 
but more such experiments will be necessary, bef<Nre 
the hyperbolic theory ean be applied to ail tlk^ib ^o 
ienpt Kinda of shot iafi gun^^ 
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According to Dr. Huttou the angle of elevation fa 
the greatest horizontal ranges is between 30 and 46 
degrees, being gradnallv more below 45 degrees, ai 
the shot is smaller and the velocity greater. The 
ascending branch of the trajectory is less curved thai 
the other, and the vertex of the curve is nearer to the 
remote extremity of the range than to the gun, and 
the point of greatest curvature is beyond the vertex. 
The ball does not ascend so high as it would if it 
moved in a parabola, and the horizontal velocity is 
continually diminishing, both in the ascending and 
descending branch. 

Since Sir Isaac Newton's time, mathematicians have 
investigated, according to the received law of the 
resistance of the air, formulae for determining the 
ordinates of the trajectory, when the inclination (tf 
the gun and the initial and terminal velocities of the 
shot are given ; but they are excessively complicated, 
and the best formula) of this Icind that have beea 
given produce, for the results, ranges which are often 
greater, by one-half, than those found by experiment 
The following is one of the most simple: — 

_^cos. £ 

y=i*^"'^^2Acos.^}^-2Ai e -l| 

"Where E is the elevation of the gun ; JZ'= the height 
due to the terminal velocity; A = the height due to the 
initial velocity ; e = 2*71 828 ; x = the abscissa, reckoned 
from the gun on a horizontal line, and y = the ordi- 
nate to the curve, perpendicular to the horizon. 

On the Velocities of Shot. 

Experiments made at Woolwich on the velocities of 
shot, give the following results: — 

1. The velocities communicated to shot of the same 
weight, by different charges oi -i^oNvder^are nearly pro- 
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portional to the square roots of the charges. 

2. When the charges are of equal, and the shot of 
unequal weights, the velocities are inversely propor- 
tional to the square roots of the weights nearly. 

8. When hoth the weights and charges are unequal. 

, , . . . , >/ charges 

the velocities are proportional to — — , nearly. 

J weights 

4. When the charges of powder are equal, the velo- 
cities increase with the length of the gun, but not in 
so high a ratio. The same thing may be said of the 
maximum velocity. 

5. The ranges increase in a much lower ratio than 
the velocities : hence little is gained in the range, by 
a great increase in the length of the gun. A double 
length of gun only increases the range about one- 
seventh. 

6. The initial velocities increase with the charge to 
a certain degree, after which they diminish till the 
bore is filled with powder. 

To find the velocity with which a shot of a given weight 
will he projected from a gun^ with a given charge of 
powder. 

By experiment it has been found, that 8 oz., or 
•5 pounds of powder, will discharge a one-pound ball 
wiUi a velocity of 1600 feet per se cond; t herefore 

/ charffe 

by the third rule, ^y 5 : 1600 : : =z=z=zr - 2263, 

<y weight 

^ charge 

— , the velocity required. 

^ weight 

To find the velocity with which an iron ballf projected 
horizontally in the air, moveSy after having described 
a certain given space. 

By substituting the ezpressiou foi tke ielax^Tk% 
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force/; vig. "» ^* "^ * V , in the fluxional equation 

for motion, viz. vv = 2gf8; there ari.3e9»bjr Jtttcgr«r 

32 m <2* V-^2^ 
tion, the equation S = Xhyp.log. — n^, > 

where S = the given space, m = 00000766, tp = the 
weight, and d = the diameter of the ball, F ^^ the 
given initial velocity, and v = the velocity required. 

From this equation, by reduction, we have f 

= com. log. '—^ and to find v, consider tbeleftr 

V— 231 

hand member of the equation as a logarithm^and find^ 

in a table, the natural number corresponding to it) 

Y 231 

which call N; then N= , from which v may 

»— 231 

be found. 

This last problem is useful in determining the ele- 
vation which should be given to a gun, that, when 
the shot is discharged with a given velocity, it BBkay 
strike an object placed at a given distance from it 
For which purpose, find, by this problem, the velocity 
of the shot after it has passed over the given space; 
and the mean of this, and the initial velocity, may be 
considered as the medium uniform velocity of the shot 
within that space ; divide the given space, in feet, by 
the velocity, and it will be the time of flight in 
seconds ; lastly, find the space throug:h which a bodjr 
will descend vertically in vacuo, during that time, by 
the power of gravity. If the given space be not 
considerable, this will give the required deflection of 
the shot, in feet, from the axis of the* gun, when 
arrived at the object ; from which the angle of clen- 
tioB m&j be found tngouom^uV^^U^s 
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GUN. 

Go N POWDER. — Charcomly — Sttiipeirt, — Sulphur, 
Gunpowder may be defined, an Exp^omve ?!»• 
pellent It is an artificial compound of saltpetre, 
sulphur, and charcoal, combined in various pro- 
portions, according to the practice of different goqb- 
tries: — 
Enii^d, 75 Nitre, 10 Sulphur, 15 Charcoal 

99 
The date of its discovery is involved in much ob- 
scurity. The most ancient authors differ in their 
accounts of this matter,— some of them confounding 
the discovery of the composition with its mUitiiy 
application. 

If we may believe their historians, and tbe rda- 
tions of the missionaries, the invention, or at least its 
first application, is due to the Chinese. The earliest 
mention of gunpowder in £urope, is by Magnus 
Graecus, in a manuscript composed in the ninth cen- 
tury, and preserved in the University of Oxford. 
In this manuscript its composition is accurately de- 
scribed. 

Its applicability to the purposes of war, is, with 
ns, popularly ascribed to Bartholdus Schwartz, a 
monK of Goslar, in Germany, who flourished towards 
the end of the thirteenth century. 1 1 would appear, 
however, from the manuscript above quoted, that, 
not only the composition, but also the military Bf- 
plication of gunpowder, ascends to a date far ante- 
rior to his time. 

fflanntactuu. 

The principal points to be attended to, in the 
manufacture of gun^vidiei^vcc^^^ Y^^l of the con- 
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stituent ingredients, their combination and thorough 
amalgamation, the order of mixing them, and, lastly, 
the drying of the powder after it is made. 

On the Strength of the Composition. 

The explosive power of gunpowder depends funda- 
mentally upon the quantity of elastic gas jpermanently 
generated, the rapidity of the inflammation, and the 
OiegTee of heat to which it is raised. 

The quantity of gas generated depends almost en- 
tirely on the purity of the charcoal^ and its perfect 
combustion, — the nitre, being the cause of that com- 
bustion, furnishes one part of the gas from its own de- 
composed acid, as it does the other by converting the 
charcoal into carbonic acid. The property of the 
sulphur is to promote the rapidity of the inflammation, 
ana, by its heat, to expand the fluid at the moment of 
eiq)losion. 

It is only necessary to add further, on this subject, 
that the inflammation and destruction of each gmin 
of a given charge of powder is progressive — ^notsimul- 
tmseous, — that with large charges this progressive 
destruction is never entirely effected within &e bo|6 
of the gun, — that the elastic fluid disengaged by the 
explosion of the charge is composed of — 
49 parts of Caxbonic acid gas 
34 „ Azote, or Nitrogen 
10 „ Hydro Carbonat 
6 „ Nitrons acid gas 
2 „ Sulphurous acid gas,— 
and that the space occupied by the powder is to that 
occupied by the disengaged fluid as 1, to the cube of 
16, or, in other words, that the charge after explosion 
occupies a space about four thousand times greater 
than it did in its concrete state. 

On the Purity of the Constituents. 
'Of the three constituents, nitre, tbe 'piiiiov(«\%S&n^' 
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iU crude state, g^eraUy, if not invariablj, fonnd to 
contain a greater, or less proportion of oommon enlir 
nary salt, of which a small quantity is^ from ill 
affinity for moisture, sufficient to vitiate the propertiM 
of a large quantity of powder. — Hence, none bat the 
very purest nitre should be used. 

Grough sulphur, as it is received from Sicily, if 
mixed with a considerable portion of lime. Flowcn 
of sulphur, or that which nas undergone the piooMi 
of sublimation, is the purest. A trifling degree of im- 
purity in this ingredient is>, however, of no momeat; 
roll sulphur alone is therefore used in the govenimciU 
mills, — it is not so expensive as the sublimed. 

With respect to the third ingredient, charoodi, 
greater nicety is required in its selection than ia gene- 
rally imnjrined. Its property depends almost entirely 
on that of the wood from which it is made, llie sote 
descriptions containing, under equal bulks, leas car- 
bonat of potash, and other deliquescent salts, than 
the hard, they have from time immemorial been pr^* 
ferred for this purpose. Willow is reoommendea bf 
Magnus Grsecus. In this country white willow and 
alder are commonly used. 

On Mixing and Grinding the Composition. 

The first operation is to pulverize each ing^dient 
separately, after which they are weighed, put into a 
tub— first a layer of charcoal, then a layer of saltpetre, 
next another layer of charcoal, and Uien a layer of 
sulphur, and so on in the same order — and mixed in 
a rude and general manner preparatory to a farther 
and more compact combination of their several par- 
ticles by grinding. 

In France this operation is effected by means of a 
pestle engine, or stamping mill, and, in other countriei, 
by the rapid revolution of the mixture in a cask con- 
tsuning metallic balls. T\iestt ooivtcvvances are not to 
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be raooii»nended;-Hih0f an both inconTenient and 
dangerous when extensively employed, and the work 
is not so effectually performed by them as by the mill 
used in this country. 

■ The incorporating mills emplored in the goven^ 
ment works are formed on the model of those used in 
aider manufactories. The cylinders, two in number, 
are of pure limestone, not brittle, nor easy of fracture, 
about five feet in diameter, and eighteen inches thick. 
They, generally weigh about th^ tons each, the 
hearjier the better. The bed is of the same material ; 
it ia usually about seven feet in diameteir, and is sup-. 
ioun4ed by a wooden margin, two feet high. The 
axia cf , th/e mill rises from the centre of the bed,, and 
the cylinders, each followed by a wpodea rako or 
scraper, reyolve round it at the. rate of s^ven and a 
half : revolutions in a minute. The cylinders mfiy^ 
over a circular space two feet broad ; they a^ conse- 
qoenlly not equidistant firom the axis, but axe so- 
arranged as to overlap each other about six inches. 
J*he miotion is communicated to them either by horse^y 
or by water, — each pair of cylinders requiring a six 
horse, power. 

A charge of the composition — forty-two ponndfK- 
being distributed on the bed, it is moistened, not 
wetted^ with distilled water, to lay the dust which 
wo^ld otherwise fly off, and destroy the relative pro- 
portions of the several ingredients. The quantity of 
water required depends on (he state of the atmosphere^ 

SinenJly from a tenth to a twelfth of the weight of 
e composition. The grinding, according to the velo-, 
city, requires from three to seven hours. It is on this 
long continued grinding, compounding, and blending 
together of the ingredients that the strength ana 
g«K»dnes$ of the powder principally depends. The 
n^xt part of the process is the removal of the nuU:^ 
Gfiki^y as.the, composition is now cailledT-asi oigcstadaasL. 
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whieh Tequires the greatest caution, as it ifl dmiBg 
^is part of the process that explosions usually tdb> 
place. To guiurd against these accidents* it is abso- 
lutely necessary to prevent all contact between the 
bed and the cylinders, for which purpose a piece of 
thick hide should be carried before each. 

On the PaocEss of Pressing and Goanulatimo. 

The cake, as it is received from the mill, is gnu* 
powder, and may be granulated. An additional de- 

nof hardness, however, is essential to its durability. 
{, therefore, still furdier condensed bj pressure^ 
either in a common screw press, or by means of 
Bramah's hydraulic engine. In the press it is aho^ 
by the interposition of copper plates, divided into sepa- 
rate strata about half an inch in thickness, that it may 
be more readily crushed preparatory to its granulation. 

The granulating machinery, to which a horizontal 
motion is communicated, generally by water, consists 
of a number of vellum sieves, provided with tops and 
bottoms, arranged on an oblong platform. Into each 
of these sieves a portion of the crushed mill-cake is 
introduced, together with a couple of flattened discfl^ 
or blocks of lignum vitse, by the friction of which, and 
the rotatory motion of the machinery, the powder is 
reduced into fragments, passes through the holes la 
the vellum, and is received in the receptacles beneath. 

It remains to separate the grains according to the 
sizes desired. This is effected by a similar operation, 
only using treble sieves of strong silk or wire gauze, 
with different sized apertures. 1 he dust is separated 
at the same time, and afterwards returned to the press. 

The last part of the process is termed rolling, — the 

object being to remove the acute angles of the grains, 

which would otherwise be ground off in travelling and 

All the casks with dust. Each class of powder is Sieie- 

fore rolled separately m a c^Wti^^i^Taovm^ on a hor!>- 
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aoDtal axis, and so constructed as to retain the grains, 
aad allow the dust, resulting from their mutuid fric- 
tion, alone to e^pe. 

On the Procbss of Drying and Barrelling. 

The powder thus completed, is, in appearance, per- 
fecilj free from moisture, — it contains however a large 
proportion of water, which must be separated by eva- 
nmtion. In warm, dry climates a simple exposure of 
uue powder to the sun's rays has been found sufQcient 
In France it is dried by passing heated air through a 
dose chamber; and in some of the more ancient works 
in this country, it is exposed in shallow trays an'anged 
round the sides of a room, heated by an iron pot, oi 
gloom stove, to which the fire is applied from the out^ 
sid» of the building. More recently steam pipes have 
been introduced, and, by these means, every possible 
security, both real and imaginary, is attained. 

After the powder has been ^oroughly dried and 
cooled, it is again sifted, preparatory to barrelling,— 
a process absolutely necessary to guard against deteri- 
oration from the adhesion or caking of the grains. 
The dimensions of the several casks, and the quantities 
of 'powder put into each, are given under the heajd 
«* Barrels." 

rinally, each barrel is marked on the head Z« G; 
F, Gs M. A\ or i2. S; according as it contains large 
nndned, fine grained, rifle arm, or re-stoved powder. 
Further, to distinguish the cylinder from the pit coal 
powder, the marks on the barrels containing the former 
are in red — those on the latter in blue paint 

9tOot 

By the proof of gunpowder itisproposed to ascertain, — 
I. Its projectile or available strength as compared 
with an approved sample, or given standard, — ^licvaX Qiw 
which the practice tables are formed, axk4v — 

s 
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2. Its dnnbilit J, the pnritt of iu constitaent puti^ 
And the proportions in which they bi« MTeiftUj en- 
ployed. 

On the Analysis of Gunpowder. 

The durability and proiectile force of gnnpowder, 
Yie ha?e seen, depend on the pnrity of the several in- 
gredients employed in the manufacture, their thoton^ 
amalgamation, and the relative proportions in vvhich 
they are respectiTely combined. To compare the 
available force of an unknown ^ith that of a known 
powder therefore, we must commence by analysing t 
sample of the former; — that is, we must resolve it 
into its constituent parts and test the purity of each 
separately. 

Nitre is soluble in boiling water; sulphur and char- 
coal insoluble, consequently, by boiling the powder in 
four parts of distilled water, the nitre will be dissolved. 
It may then be crystalized, weighed, and tested by ni- 
trate of siher and carbonat of potash to determine its 
purity. In a new sample we may thus readily ascer- 
tain whether the nitre is in sufficient proportion, and 
whether it has been sufficiently refined, — in a damaged 
one, whether the injury has arisen from fresh or salt 
water. I'he residue, composed of sulphur and char- 
coal} may be decomposed by spreading it on an earthem 
plate, and burning off the sulpbur at the lowest possi- 
ble degree of heat,— the charcoal will remain, still 
retaining, however, a small portion of sulphur. A 
more accurate process is to boil the mixture in a solu- 
tion of pure alkali, by which a sulphuret will be formed. 
The residue is charcoal, which being dried and weighed 
completes the analysis. 

On the PaojECTiLE, oa Available Force of Gun- 
powder. 

Analjsis is, by some,l[ic\d&ut&c\e\it.tA determine not 
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onij the quality of any pven^eeimea of g^npoW^r, 
•the purity of its coostituent parts, aod the proportidnB 
in which they are coinhined,hat even its projectile,' or 
available force. By others, this mode of proof is re- 
Ifariled merely as auxiliary, — ^they consider a searching 
and rigid experimental test of its several properties 
abaolntely indispensable. Various modes of experi- 
meatal proof are adopted in different countries, — in 
lhi% flashing, combined with actual practice, and ex- 
posure to the atmosphere, is that pursued. Flashing 
eonsiBts simply in burning, on burnished copper, about 
two drachms of the given powder, — in this proof, it 
should neither emit sparks, nor otherwise.foul the plate. 

It is then tested as to its projectile strength, ei^er 
by the gun, or the mortar epronvette. 

By the gun eprouvette, with a charge of two ounces. 
In uis proof, v^ith- large grained powder, new from the 
mill, the index mu^ 'describe an arc of 2rdegrees; — 
with powder which litis b'ebn issiied and returned into 
store, or with regenerated or restoved powder, it must 
describe an arc of not less than 20 degrees, 30 minutes. 

If the mortar eptOuvette be used, and this is hy 
maby degrees more' accii'rate, though not perhaps 
quite so convenient as the other^ the 8-inch gomei ii 
employed, with a charge of four ounces ; — the elevation 
being 45 degrees, and the projectile a 68-pounder shot. 
With the fir^t of the above powders, the range should 
not be le^^s than 380 feet ; with the other descriptions, 
not less than 350 feet. 

Fine grained, or sma11'«rm powder is proved with a 
carbine barrel and steel baU. The charge is two 
draohros, and the baU must, with new powder, perfo- 
rate 15 or 16 half-inch elm boards, wetted and placed 
three Quarters of an inch apart, the first being 39 feet 
■10 incnes from the muzzle. With restoved powder^ 
it must perforate from 9 to 12 of these boatd^^ 

Fine grained powder is likewise pToved \)^ iCiiA ^^ 
eproureU^ The cburge^ as in the case oi \ttige ^5Cdibfe^<k 

s2 



ii two ounees, and the arc described, with powder 
new from the mill, should not be less than 36 de- 
igrees; — with re-stored,, and iU other descriptions of 
powdcdr, it must not be less t)ian 24 d^rees. 

The last prooieoasistR in exposing a pound of tiie 
fRYen powder, aceurately weighed, to theataiospheie, 
KNT 17 or 18 days. I:f the Ingredients be pure^ and 
the amalgamation complete, it will not inczeaae is 
weight, by attraeting moisture tnnt the air, moie 
than one per oent. : — that is, 100 pounds of good 
powder should not imbibe Biore tfafto 12 ounces of 
moisture. 

GvN. — ExercUe^ — Tackle. 
Dimensions of Triangle Gyns* 

(I*tge.) 

Iiength of the Cheeks or Fry-polt , 20 Feet 6 loshei. 

M M » Windliuss ... ..l*. 6..,, 9 „ 

Square „ „ „ 9 j» 

(SmaU.) 

Length of the Cheeks or Fry-pole, 16 Feet 3 Inches. 
„ „ „ WindlasB ........ 5 „ 11 „ 

Square „ „ „ 8 „ 

Gyration. — Pendulum, 

If a body revolre about an axis by a force applied 
at any point, there is a point in which, if all the 
matter of the body be collected, the same moving 
force applied at the former point will cause thelattet 
point to revolve with the same angular velocity that 
the body revolves. This point is called the centre 
of gyration. And the momentum with which any 
particle in the body resists the moving force, is 
equal to the mass of that particle multiplied into 
the square of its distance from the axis of motion ; 
therefore, the sum of the momenta of all the parti- 
cles of the body may be found. 

Again, the yi\io\e"bod.3\i«wv^isvv^^5osed tobeeol- 
in the cenUe oi ^laXKsj^^ S\:^ ^vi^Mhw^nmv^ 
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that point is equal to the mam of the wbole body^ 
multiplied into the square of the distance of that 

- point from the axis of motion. And these momenta 
must he equal, in ord^ that equal angular motion 
may be produced by the action of tlie moving force 
in DOth circumstances. Therefore, from the e<ma* 
-tion thu3 formed* the unknown quantity, which is 
the distance of the centre of grration firom the axis 
of motion may be found. This term is found to be 
a mean proportional between the distances of the 
centre of gravity and centre of percussion, or of 

' oscillation from tne axis of motion. 

If a strait line revolve about one of its extremi- 
ties, the distance of* the centre of gyration firom 
thff same extremity, will be equal to the length of 
the line multiplied into ^i. If a circle or cyunder 
revolve about its centie or axis, the distance of the 
centre of gyration from tiiat centre or axis, w?^ be 
equal to the radius multiplied into ^/h And if a 
sphere revolve about one of its diameters the distance 
of the centre of gyration from that of the sphere, wiQ 
be equal to the radius multiplied into «/ j-. 

Hair Cloth, — Artillery, — Magazine. 

length 14 Feet 6 Inches. Breadth 11 Feet. 
Weight 36 lbs. 

HaND^^aaowfl,— ^a(fcfy,-T-Fon^a<um, 

Length 5 Feet 3 Inches. Breadth 2 Feet 
Weight 19 lbs. 

Hahd-^pik£S, — ArtilUnft — Exercise, — Lever, 
Weight and Dimensions of Hand-Spilpes. 

(Luge.) 

LengOi of Square tTeet Diameter 1{ Inches. 
Total 6 „ Square 8 „ 
Weight, of 10^-100 l\ia. . 
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Hano-Spirss — eoHiinved* 

(Small,) 

Length of Square 1 Foot 9 Inches* Diameter li Inches. 
Total5 „ — M Square 2i „ 

Weight, of 10,— 641bs. 

'Rk%nESs,'-Artillery,—Drag RopeSi-^Horsn. 

It is proposed to substitute men's faamesss for 

draff-ropes with battering trains, — sixteen men to 

each set* 

Length 1 1 fept. Weight 21 Ihs. 

Men's harness, with 4 hands, or loops to a set, 
is also issued to field guns and howitzers, when 
equipped for foreign service. 

Horse harness is issued in proportion to the horses 
allowed for each nature of carriage, and comprises, 
besides the harness proper, the undermentioned 
articles, — 



Whips {short). 
Leggings. 

Head-stalls {chain re'ma) . 
Nose bags {canvas). 



Com bhgs (2 days com). 
Fotage cords. 
Reaping hooks. 
Water buckets (leather). 



The horse of a gunner, or non-commissioned offi- 
cer of Horse Artillery, mounted and accoutred, car- 
ries 18 stone 12 lbs. ;— of a Light Dragoon, 18 stone 
14 lbs. ; — and of a Heavy Dragoon, 18 stone 1 1 lbs. 

The weights carried by Artillery draft horses are 
as follow :— 

Riding horse 15 stone 13 lbs. 
Led „ 6 „ 4 „ 

In these weightSi the driver, in complete marching 
orderj is estimated at 10 stone 12 lbs, which was 
about the averajre weight of these men during the 
late war. Under the present system, from 2 to 3 
stone additional must be allowed for the weight of 
the rider. 
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Horses in general average about 9 ewt* and ooeupyf 
standing at picket, 27 superBcial feet, or 3 feet in 
breadth, by 9 feet in depth. Artillery horses should 
iie?er be nnder 14^^ hands high, neither sboidd diey be 
made to draw more than 3 cwt. not including the wcaght 
of the carriage. With great burthens, less weight t£ui 
the above must be allotted to each horse, especially if 
they be of the description now proTided for the artHleiy 
senrice, than with medium burthens. In a team « 
eight horses, the leaders have not the same power of 
draft as those nearer the carriage, and this disaovantige 
increases in proportion as the team lengthens. 

Artillery carriages and waggons have freqnentlj 
been loaded with 14 cwt. for 3 horses, and 20 cwt iat 
4 horses, but these weights, however they vmlj answer 
on English roads, are much too great for geneitl 
service. Carriages of one construction will no dovbt 
travel much easier than those of another, even when 
loaded with the same weights, and, where this me- 
chanical advantage is greatest, there, of eourse, the 
heaviest burthen can be earned with the same number 
of horses ; but under the greatest possible advantages, 
in respect both of roads and facility of movement in the 
construction of the carriage, 1 would not recommend 
a load exceeding 4 cwt. for each horse, in addition to 
the weight of the carriage itself. In transporting am- 
munition through bridle roads,aud in situations through 
which wheel carriages cannot penetrate, it would not 
be advisable to load a horse with a weight muchexceed> 
ing 300 lbs., or a mule with more than 2d0 lbs. 

On the Active Strength oa Animal Energy oi 

Men and Horses. 

The force obtained by means of animal agency 
evidently varies, not . only in different species of an^ 
mals, but also in different individuals of the same 
species. And this vaiiaUoiv di^^«Tvds> fijvt, — on the 
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piurtii^uhur ecoKtHulkiii of the ihdtndiial ; and, teeondln 
Vftai tbe pwrtioular destoritj acqnind by hMt It is 
pUm^ jdiexefone, tlmtcuoh a Tariation cannot be sabfeet* 
•d torany lasr; abd diat Ibeve is no expedient to 'vvhiob 
fie. earn ham^DicoiuBe, but that of seeking mean moltk 
• iC Ooulonibv in estimathig the stieogth of aeii sad 
ailioMla, expresses tlie qvandly «f action produced b^^ 
Iheir iabov, by the product of the load they oaa 
oancy, 0iultaplied into the distance to which thej can 
90iawtf it in one daj. If a man trarel, therefofe^ uiu 
kadsdy his ^antity of action, that is, the product just 
Sieatkmed^ will be found to be a maximum ; but the 
Uf^Mrieffect will be nothing. If ve place a barthen 
Ofmi inm, lie will produce a oertain effect, though 'lhii% 
real quantity of actios will be dimiaidied, and^ 

Ktnt tjbe burthen the less will be his action, till, at 
th,- wheti the IobjI amouats to about d cwt, >or 
tufioethe man's own wei^t, he cannot more; theMfon, 
hifl action aa4 effect will both be nothuig. BetwieeM 
these extremes, there is a oertsln load which will gl«ie 
tb0 maximiMB of useful effioct. . 
- If fl^auin travel on a horizontal road for several day^ 
eomeontirely without 9. load, he can easily walk d I '07 
mdes in a day; and this multi^ied into ihe wei^t of 
the nan, which may be eBtimajted at 160 lbs. will giva 
4071 Ihs, for the daily quantity of action furnished 
by him under those circumstances. And this is ex* 
pressed by 4971 lbs. carried one mile per day. If a ecf* 
tidn load be add^d to the wei^t of the man, ihe pro- 
duct of the whole into the distance he can eonrey it 
during one day, wSl be less than that obtained above, 
and, consequently, will express a. smaller quanti^ of 
action. M. Coulomb supposes the loss of action to be 
pfOfMrtionai to the load (and estimates it at 25 times 
lit wmght) ; and, on that principle, he obtains (he Mf- 
lowing aquation for the useful effect of the labow^vVa; 
rHthofl|un:of i^ weights of the man aik^AoBAVmN^A^ 
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plied into' the distance he can convey it, is equal t0 
the difference between the quantity of action furtiidied 
by a man unloaded, and the quantity lost by the kwd. 
The results of experiment being substituted in tlui 
equation, we from thence determine the maximum of 
useful effect to be obtained when the man carries a 
load of 135 lbs. besides his own weight. With this be 
can walk 10 miles per day, and hence the useful effMt 
is expressed by 1350 lbs. carried one mile per day. 
But when a man carries a load to a certain distance 
on a horizontal road, and then returns unloaded for 
a new burthen, the maximum of useful effect if 
obtained when that load is 143 lbs. ; this he can con- 
Tey 7 miles per day, and hence the effect is expresKd 
by 1001 lbs. carried one mile per day. 

If a man, unloaded, ascend an easy stair, he caa 
mount in one day to the vertical height of 1 *82 nulci. 
This multiplied by the weight of the man, viz. 160 lbs. 
will give 291 lbs. for the quantity of action furnished, 
which is expressed by 291 lbs. raised vertically to tlie 
heigbth of one mile per day. And, by employing the 
principle before stated, it will be found that the max- 
imum of useful effect produced, when a man ascends 
stairs, is obtained when he is loaded with 123*5 lbs. 
besides his own weight; — with this he can ascend to 
the vertical height of *66 miles per day. Therefoie 
his useful effect will be 81*5 lbs. raised one mile ?e^ 
tically per day. 

The following are some useful results obtained in 
similar ways : — 

1. A man carrying a load in a wheelbarrow, on 
horizontal ground, produces an useful effect equal to 
1480 lbs. carried one mile per day. 

2. A horse carrying a soldier and his equipments, 
weighing together 2 cwt., can go 25 miles on a horiEon- 
tal r^d daily ; therefore his useful effect in this respeet 
way. he expressed by 5600 \b«. earned one mile per day. 
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3. A man tuming a cylinder by a iivincli, pro-* 
duces an effect equal to 168 lbs. raised to the 
lieight of one mile, vertically, per day. But when 
two men are employed together to turn a cylinder 
with two handles, at right angles to each other, 
the useful effect produced by each man is equal 
to 196 lbs. raised as before. 

4. The force of a man in pulling or thrusting 
liorizootally, is estimated at about 30 lbs. ; and in 
these circumstances, he can move with a velocity of 
1 J miles per hour. 

5. A soldier loaded with from 45 to 60 Ibi^ can 
march 12 mile$ daily, and if we add to thoseiloads 
the weight of the man, viz. 160 lbs. hi^ daily action 
is equal to from 2600 to 2800 lbs. carried one mile 
per day. 

6. A man marching in; a mountainous country, 
with a load, can produce a daily quantity of action 
equal to 203 lbs. raised on^ mile. 

7. A cart-hotrse can draw 326 lbs. througli 25 
miles daily on a horizontal road ; therefore his 
useful effect, in this respect, may be expressed by 
8150 lbs. carried one mile da^y. 

Horse Sho£S. — Artillery. 

Horse shoes are of four sizes^-^-the fourth or small- 
est size, is intended for mules. 

1 size. . 4 lbs. 10 oz. I < 3 size. . 3 lbs. 10 oz. 

2 w ' • 4 „ 6 „ I 4 „ . . 2 „ 14 „ 

The above dre the average weights of a. set of 
each size, with nails complete. Wlien issued to 
Field Batteries, and Batteries of Horse Artillery on 
foreign service, they are p&cked in boxes, each con- 
taining 20 sets, together with a triple supply of 
nails. :The average weight of each of these Iio:il«& 
i» 9l^i 107 Ih^, y. , , ... V . V 
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Hawser.— -Co^^, — Cordage, — Rofe^ 
Weighty JOimensions, etc. of Hawsenu 
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Weight) Dimensioiu, eftc of Hawsen — canihiuid. 
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Howitzer .■—Calibrt.—CarrH^^Cariridfft. 
Weight, Uimraidinw, eUi. «r EngHsh aDil 1 
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Isinglass^ a g«latiiK)a6 sabsta&oey is prepared from 
the entrails of fish. The best, derived £mm die 
• cturseon, is prepared almost exclnsiTeiy in Rnsria. 
It should be ftee from taste and smell, and be 
entirely soluble in warm water. It is used in 
laboratory works to give consistency to the com- 
position. 

Lead. — Ball^ — Cartridge, 

Lead is seldom, if ever, fonnd pure in its native 
state. Its colour is bluish white; it is i^markably 
soft aad flexible, and melts at a temperature of 
about 612 degrees. 

I . ■ ■ ■ • 

League. — Measure^ — Mile^ — Reconnoitering. 

The league varies in length in different conn- 
tries. In England, it is equal to three statute 
miles, or 3000 geometrical paces. The Freneb 
have three measures of this denomination, — the 
common league, equal to -4263 English yards,— 
the league of 25 to a degree, equal te 48^0, and 
tlie marine league, equal to 6076 English yards. 

In Brabant, the league is equal ta 6076, and 
in Flanders to 6864 English yards. In Portugal, 
it is equal to 6760, and in Spain to 7416 English 
yards. 

Level. — Distance^ — Elevation^ — Fortification. 

Levelling is the art of finding how much higher, 
or lower, a given point on the earth's surface is, 
than anothjer pointy on the same surface, — or, in 
other words, it is the art of finding the difference 
of their distances from the earth's centre. 

The apparent level is a straight line, tangential 
to the true level, or surface of the earth. Every 
point in the foxmet^ xWe^oiey except the point of 
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contact, n kigher or more derated tlian its cor- 
respondiog point in the latter. 

.1. To find the Height cf the Apparent^ abope the 
TViip, Level at a given Distance, 

Multiply the square of the given distance, in yards, 
by 2*57, and divide the product, by 1,000,000, for the 
beight, in inches. 

Required the difference between the true, and apparent 
level of an object, in the horizon, its distance from the 
observer being 1760 yards ? 

2 To find the Extent of the Visible Horizon^ from 
a given Height, 

Divide the product of the given height, in inches, 
into 1,000,000, by 2*57, and take the square root of 
the quotient, for the extent or distance, in yards. 

RAquired the extent of an observer's visible horizon, his 
elevation above the true level being 50 feet? 

^ / 600 X 1,000.000 vj^^^^^ Yarda. 
V 2-67 / 

3. To find the Ifistance of an Object; its Height 
being known. 

Compute the extent of the observer's horizon, hy 
the preceding rule, — compute also the horizon of the 
object, and their sum vill be the distance required. 

Required the distance of a light-house, from a vessel 
just heaving in sight, the visible horizon from the top 
of the light house being 12 miles, and the height, from 
the water line, to the mast head of the vessel, 66 feet i 

inches f 

/ 796 X 1,000,000 \^ «,',«« ,., r^v..^ 
Here, ^ ^^ — j'+21,\^t;aV«8»lllT;^^v 



4. TQ.find the Height of 4i» Ol^fici^iU DUkmee 
being knoum. 

Subtract the visible horizon of the observer, from 
Ihe knowa distance — the remainder will he the 
horizon of the object — and then compute, by, ndt 
1, the height required. 

Required the height of a vessel'ei maiit, frwn tbe tinck» 
to the water line, its distance, from a tpwer 0|i (he shove) 
23 feet II inches high^ being ]9 miles? 

^ (33^40 — 10,ftfl0)*xa«7 __^^ , 

^«*' 1,000,000 " =3^*^ Y"^- 

Lf vE R. . — Esfiercise% — Handspike^ — Meokanice, 
Weight and Dimensions of Levers. 

Length 6 Feet 6 Inches. Weight 10 lbs. 

(Iroi^.^od,) 
Leajgth 4 Feet Weight H lbs. 

Light-Balls. — Artillery, — Compd^tifm, 

Light^Ball composition may be fixed either in 
smoke-ball or carcass cases. If fixed in the for- 
mer, it vfiXi be necessary to enlarge the fuze-holes 
of the 4| and 6J-inch shells, — the former to two, 
the latter to two-and-a-half inches in diameter. 
Carcass cases are available only when the balls can 
be projected at low. angles. 

Iqaplements required :-^ 
Hair Sieves. | Loading Sticks. 



Mixing Tables. 

„ Rubbers. 
Iron Pots. 
Water Tubs. 
Copper Pans. 

„ Cylinders. 

9, SpatuLos. 



Fuze Plugs. 
„ Drifts, 
„ Ladles, 
„ Mallets. 

Eitt Ketaes. 
„ Trivets. 
n Brushes. 



MAa 



J|jLi;muALs required to complele 10 o£ each of the 
undermentioned I/ight-Balls. 
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Saltpetre, Ground n>s. 

Sulphur, ,, ,, 

Bonn ,. „ 

Healed Powder^ „ 

Quick-Match ,, 

Kiitt „ 

PacldDg Twine „ 

Linseed Oil quarts 

HiPWgifin yards 



E^ 



LIOJKT-BAI.LS. 




203-625 

8M26 

60-000 

3125 

•312 

4i600 

•625 

8000 

1-250 



189*938 


38^812 


75-688 


18-062 


56-250 


11^436 


1-875 


-500 


•203 


-126 


4rOOD 


2-500 


•500 


•2.50 


7-500 


1-750 


I'OOO 


•760 



i9^3ia. 

7-668 
5-025 
-500 
•094 
1^500 
•125 
-875 
•500 



Magazin^^ — Barrely — Battery^ — Fortification, 

Ms^^iues should be placed in isolated situa- 
tions. E^itensire magazines in fortified places are 
both inconvenient afid dangerous. They have often, 
by their ej^lpsion, causied the surrender of a place, 
otherwise well prepared to make a brave and ob- 
stinate defence. The powder provided for the de- 
fence of even the most inconsiderable place, should 
not, therefore, be concentrated in. any one situation. 
^ck of the principal works should have its own 
magazine, from, which, the instant the enemy un- 
masKs his plan of attack, every ounce of powd^, 
not absolutely required for the daily service of the 
batteries, should be removed to others as distant as 
possible from his line of fire. 

Field magazines are usually constructed in the 
interior, or against the sides of the traverses, in 
batteries, at about twenty, or twenty-five fathoms 
in rear of the platforms. If circumstances Hi\& 
adi^it, thej- should be establkh^ \)e\LV[i^ 1^ t<^* 

t2 



MAR. 

turns of the epaulmeot, and sbould be otliennse 
well coYcred from the fire of the place. It is im- 
possible to bestow too much care ind attention on 
'the constmcdon of these magazines, and the com- 
munications from them to the seyeral batteries. 
If the ground be favourable, the floors diould be 
sunk heiovf its surface, by which means much of 
the danger, that must always attend them will 
be effectually guarded against. 

Marching. — Convoy^ — Pate. 

The rate at which troops, can march must deoend, 
on the number moving together^ the state of the 
roads, the season of the year, aiid the distance to be 
accomplished before halting. 

D'Antoni says, a regiment of eavalry oMiy maieh 
seventeen miles in six hours, and that that distance 
may, in cases of necessity, be extended to twenty- 
two, or even to twenty-eight miles, in that time. 
Infantry, he says, in ordinary marches, which, con- 
tinue six hours without a halt, move with a free, 
and natural step, at the rate of two miles and a 
third in an hour ; and that a regiment, therefore, 
may, when the roads are good, accomplish fourteen 
miles in six hours. 

General Schamhorst says, a small detachment of 
cavalry may, when the horses are in good condition, 
accomplish at the gallop 2,500 paces in five mi- 
nutes. If that distance is to be exceeded, he says, 
the horses must move at a trot, and that they can- 
not continue the movement, at that pace, beyond 
half an hour. He also says, 300 paces may be 
accomplished in one minute, 6,000 in twenty-five, 
and 9,000— nearly four miles — in thirty minutes, 
provided the party is to halt immediately afterwards. 
If a greater distance is to be traversed, it is impos- 
sible, he says, to move, ^vexv ^V«ti. \ift toads are 
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good, more than twenty^-fear' miles in twelve hours, 
without distressing the horses. 

In£uitry, he sajrs, may accomplish four miles in 
an hour and a half, and that it is impossible to 
march more than five times that distance in ten 
hours. Large detachments, he says, cannot move at 
the above rate, and that, in an intersected coun- 
try, an army cannot accomplish more than eight 
miles a day. The ordinary rate of marching for 
an army, he says, is from ten to twelve miles a day, 
but that in particular cases, from sixteen to twenty 
may be traversed, in that time, proTided there are 
no defiles to pass, and that the army moves in 
several columns. 

Artillery, Geiieral Schamhorst says, may accom- 
plish, when the horses start fresh and rest imme- 
diately afterwards, two miles in half an hour, four 
miles in an hour and a half, eight miles in fouir, 
and sixteen in ten hours. He further says, the 
horse artillery, in camp near Hanover, in 1791, 
traversed 350 paces in one minute, 3,900 in nine 
minutes and a half, 6,000 in twenty-two, and 12,000 
in sixty minutes. 

Materials. — Bridge, — Cordage, — Gravity, 

Bodies employed in building, are. exposed to four 
different kinds of strain, or stress, each of which is 
investigated in the following observations, — 

Oif THE Strength of Materials. 

Every body, hard, soft, or elastic, is, in the aeffre- 
gate, considered to be an assemblage, or combma- 
non of minute, cohesive particles,, or parallel fibres, 
- and its strength is said to b^ absolute, or relative, 
accordihg as the action of an extraneous force mfic^ 
affect the eohesiqn of those paxticVes oi t^Drc«&. 
' If a bararbeam of iron, or thtiibet,Qnc o^wv^ ^"^^^ 
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material, be acted on bv an extraneous fbree^ fmctQie 
will ensue, provided tne power of reeistance exerted 
by the bar, or beam, be not sufficient to counteract 
the action of that force ; and the power thus exerted 
by the body is the measure of its streugth. 



If an effort be made by any force to tear asunder 
the fibres of the body in the <nreodon of their length, 
the strain thus exerted will be diiectly opposed to the 
cohesive power by which the ptirticies •of the body 
are held together. The power of a body to resist 
tills kind of strain may, therefore, be eonsiderisd as its 
absolute strength, and this will evidently be propor- 
tional to the number of fibres in the body, or to the 
tirea of its transverse section. 

It appears, from Mr. Barlow's experiments ott va- 
rious kinds of wood, that a rod of any lengdi, one 
ineh square, will sustain the weight anUexed to it in 
the following table, the weight (if the rod itself not 
included. 

Ash, EngHsh ...... 17,000 Mahdganj 8,000 

Beech 11,500 Oak, Adriatic 14,000 

Box 20.000 African 14,400 

Deal, Cliristiana .... 11 ,000 Canadian 13,000 

Memel 11,000 Dantzic 14,500 

Elm, English 5,780 English 11^ 

Fir, Mar Forest .... 12,000 Pear-tree 9^ 

New England . . 12,000 Poon, East Indian . . 14,000 

Riga 18,000 Pine, Piteh 10,800 

Larch, Scotch 7,000 Red 10,000 

Locust-tree 20,080 Teak 16.000 

And it further appears from the experiments of 
Captain Brown and Mr. Telford, that a bar of mal- 
leable iron of the sanote dimensions will support, sus- 
pended from it ^0,480, and from those of Muschen- 
broeck that an inch rope will support 1,000 pounds. 

Hence, to find the strength of direct cohesion of 
one of these bodies oi an^ ^N«ti ^AXIk«<QSL•csu^\a]ldtiply 
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the area of its Iransirerse section, in incites, hj its 
conesponding tabular valae, tfnd the product -wiH be 
tbe 4tvength required, iu pounds. 

Mr. -Bftflow also finds the laterstl adhesion of the 
fibres of fir, when thev aare drawn asnndcfr in the 
direotioQ of their length, to he equiyalent to about 
600 pounds on every square inch, and he considers 
the weights given in the above table to be such as 
will tear the bodies asunder in a minute or two, — 
that two-thirds of those weights will, if suspended 
from them for anj considerable time, impair their 
strength, and that one-half is the utmost that each of 
the bodies should be required to support permanently. 



If a weight be placed upon a body, the tendency of 
its particles will be to separate laterally, and, in this 
case, therefore, the power of resistance, or strength of 
the body, consists in the mutual cohesion of those 
particles, and the friclidn occasioned among them 
by the pressure. The powers of bodies to resist this 
kind of stress, or strain, is found to be in a higher 
ratio than the area of a transverse section of the 
material, but its precise value is as yet undetermined. 

Various experiments have been made in reference 
to this subject, by Mr. Rennie and others, and the 
following table contains isome of the results of their 
experience. Each of the bodies experimented on 
was in the form of an incli and a half cube, and the 
weights respectively annexed, such as were found 
sufficient to crush them. 

BiiBk,Bed * 1^7 LteMMoaAyCbmpaot .. 17,954 

TeUow JMd4 Limeriok... 19,934 

Chalk 1,157 Purbec... 20,A10 

TxMMoiie, HiM .... 91,254 MaiWe, White Tdned 31,786 

Granite, Abettfeea... 44/186 . btatowy.,.. \%jlilft 

Cornish .... 14,302 PatvinHtoue.XocY . . . "Vft^BA 
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Elastic bodies, considered as combinations of yt- 
rallel fibres, are found botb by tbeoiy and practice^ 
wben pressed in tbe direction of tbeir length, to be 
susceptible of inflection, and, in this case, Mr. Ikudow 
determines the weight UQder. ;wbicb a rectangnltr 
column of timber of given elasticity, placed in a ve^ 
tical position, will bend by the formula^ — 

f 

fn which, E is an expression for tbe elasticity of a 
beam of tbe given kind of timber, the value of which 
must be taken from the following table; — a, for the 
thickness of the beam in the direction of tbe longest 
side of the section ; — d, in the direction of tbe shortest 
side; — /, the length of tbe column; — and IF, the 
weight required. 

Acacia, English . . 4,609,000 Iron, Malleable . . M ,440,000 

Aflh, EngUsh.... 6,580,000 Larofa, Scotch 4,300/)00 

Beech 5,417,000 LocusMree 767,000 

Birch, Common.. 6,570,000 Norway Spars . . 5^830,000 

A. Black.. 5,700,000 Oak, Adriatic ... . 3,880,000 

Deal, Christiana^ 6,350,000 African .... 9,500,000 

Memel .... 6,4-20,000 Canadian . . 8,595,000 

Elm, English 2,803,000 Bantsie 4,765i,000 

Tir, Mar Forest... 3,400,000 English 4,650,000 

New England 5,967,000 Poon, E.Indian.. 6,760^ 

New Forest.. 3,179,000 Pine, Pitch 5,000,000 

Riga 5,314,000 Bed 7,360,000 

Iron, Cast 69,120,000 Teak 9,660^ 



The strength of a body, acted on by a disturbiog 
force, in a direction transverse to its length, would 
appear to depend on the lateral cohesion and friction 
of its particles, on each side of the plane of fracture, 
and it would further appear that tbe power by which 
bodies resist this force of detnision, is about double 
their absolute strength, — probably because Um sepa- 
ration of the body is effected at two surfaces. 

If a beam be attaclied U) a. >n^\!l ^\. <ycL^ eud^ and its 
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fibres be not subjeet to compression, the effect of a 
weight, acting at the other end of the beam, will be, 
to cause it to separate from the wall, as if it tamed 
on a hinge at its lower surface, close to the line of 
junction. In this case, each fibre is strained by the 
weight with a force which diminishes, as the distance 
of the fibre from the lower surface of the beam in* 
creases. Therefore, the cohesive power, exerted by 
the particles of any fibre, may be considered to be pro- 
portional to the distance of the fibre, from the bottom, 
and that cohesive force acts at the extremity of a 
lever, th^. length of which is equal to such distance. 
Consequently, the strength of any fibre is proportional 
to the square of its distance, from the bottom of the 
beam ; — And if a longitudinal secjtioh of each, of two 
beams, be taken in a vertical plane, the strength of a 
fibre similarly situated in each will be proportional to 
the square, of the depth of the section. Therefore, 
the strength of the whole of each section will also be 
proportional to the square of the depth ;-~-and because 
the strength of a beam is evidently also proportional 
to its breadth, the strength of the whole beam will be 
proportional to 6 . <2*, and its absolute resistance may 
be expressed hy b , d* . 5, — which is Mr. Barlow's 
formula. If b and dy the breadih and depth of the 
beam, be expressed in inches, the term S, which is a 
constant quantity, will express the resistance of a rod 
one inch square, and this resistance must be deter- 
mined by experiment. 

The strain produced by the weight will be expressed 
by the product of that weight into the \ength of the 
lever, at the extremity of which it acts, — that is,, into 
the length of the beam itself, neglecting the effect 
arising from its deflection, which in architectural 
works is inconsiderable. And when the strength is 
just equal to the strain^ these two expiessioroa &n\^ 
be equal to each other. Therefore, t^ ^i ii2lBk<^/««A^SD^ 
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whieli a beam attached at one end to a wall will bear, 
withoat breaking, we have the equatioo.-— 

In which /, 6, <f are to be expressed in inches, wai 
IF and 5 in pounds. The only nnknown quantity W 
may then be fonnd. 

The annexed is Mr Bariow's table of the Taloe of 
S^ which he finds to be a constant qoanti^ for Mck 
kind of wood, and which he determinea from tke 
above equation, when W is known iirom ezperimeot 

Aflh,Eiigliah 8,096 Lanh, Sootoh 1,110 

Baeoh 1,600 Loeost-trM 8^400 

Birch, Engliah 1,000 Nonraj SiMun 1,470 

A. Black .... 1,500 Oak,Adriatie l,r~ 



Deal, Christiana.... 1,560 Afriean S/W 

Memel 1,730 Canadian 1,700 

Blm,Engli8h 1,030 Dantzic 1,450 

FfaTMarForest .... 1,140 Enn^bh 1^ 

New England .. 1,100 Piiie, Pitch 1,890 

Biga 1,130 Bed 1,^40 

Iron, Cast 8,100 Poon, East Indian . . 9,900 

Malleable 9,000 Teak 9^01 

If a beam of the same breadth and depth, and doa- 
ble the length, of the fonner, be supported by a pitm 
in the middle, and strained by a weight at each end, 
equal to that which may be supposed to have been 
applied to the former beam, the extension of the fibres, 
over the prop, will be the same, in this case, as at the 
place of attachment, in the former. ConsequentiT, 
the equation of equilibrium will be the same as before 
only substituting il for I and JPf for W. Because t 
and W, now represent quantities, double of those 
which they represented before. Therefore, the for- 
mula, disregarding the deflection, becomes, — 

If the beam be supported loosely on ki prop at each 
end, and be loaded with a weight in the middle, the 
reaction of the "pw^ mn.^ \vfe wpfB^fttetfcftL^^^oal to the 
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action of the iveigbtB, at the extrelnldes of 'the beam, 
in the fanner ease ; and the action of the weight in 
the present case, equal to the reaction of the prop in 
the middle. Admitting this supposition, the equation 
of stability will be the same as before ; 'but, on ac- 
ooant of the obliquity of the reaction 'of the props, 
caused by the deflection, and the slipping of the beam 
between them, it is shewn by Mr. Barlow, that the 
strain in the latter case, is to the strain in the former, 
in the duplicate ratio of radius to the cosine of de- 
fleetion. When, however, the deflection is small, it 
may be neglected, and the above equaition employed. 
Mr. Bauow also shews, that, since it requires four 
times as much weight to produce a 'certain deflection, 
in a beam supported at each end, as is required to 
produce the same deflection, in a beam of half its 
length, when supported at one end only, it will follow, 
that when a beam is firmly attached to a prop at each 
end, two thirds of the whole weight is employed in 

Sroducinff the central deflection, and one-sixth in pro- 
ucing that at each end. Consequently, the weight 
necessary to produce fracture at the middle of the 
beam, in this case, is, to that which is necessary in -the 
former case, as 3 to 2. And the equation of stability, 
neglecting Uie deflection, becomes, — 

If the weight be not in the middle of the beam, let 
P represent the product of the unequal distances of 
the weight from the two ends. Then, the equation, for 
a beam placed loosely on two props, will be — 

Aad for a beam fixed ai each extrenit^, — 

iP.w. 
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By the Statute 5th Geo. 4, cap. 74, it is enaiHed, 
that the Imperial. Yard, Gallon, and Pound (Troy), 
shall be the only standard measures or units of ex- 
tension, capacity, and weight ;~ and it is farther 
enacted by the dth and 6th Will. IV. cap. 63, that 
all articles sold by weight shall be sold by Avoirdupois 
Weight, except gold, silver, platina, and precioiu 
stones, which may be sold by Troy Weight ; and ex- 
cept drugs, which may be sold by ApotJxeoatries' Wei§^t, 
when sold by retail. 



LOVO MB48URB. 



IS Inches = 

3 Feet = 
5^ Yards = 

40 Poles = 

4 Furlongs- =: 
09 iV Mfles = 



1 Toot 
1 Tard 
1 Pole 
1 Furlong 
1 MUe 
1 Degree. 



CVMQ MSAtURB. 

17S8 Inches = 1 Foot 
37> Feet = 1 Yard. 



34*650 Inches = 1 Pint 
6»'316' „ =1 Qnnt- 

277-274 „ =z I QalloD. 



4 Inches =. 
tt Feet = 



7*92 Inches = 
100 links = 



1 Hand 
1 Fathom. 



I Link 
1 Chain. 



Mechanics divide the inch 
into eighths and sixteenths. 
By others it is divided into 
tenths and hundredths. 



554*548 Inches = I Peck. 

22JL8*192 „ =1 Bnshd 

10 269 Feet = 1 Qaaiter 

51345 ,, =1 Load. 



Teot Wbxoht. 

20 Grains = 1 Scruxde 

2 Scruples >^ 1 Draflua 

8 Drachms 3= 1 Ounet 

12 Ounces = 1 Pound. 



SUPBBFICIAI' MBASUBE. 



144 Squ. Inches = 

9 „ Feet = 

30^ „ Yards = 

40 „ Rods = 

4 Roods = 



1 Squ. Foot. 
1 „ Yard 
1 „ Bod 
1 Rood 
1 Acre. 



W Squ. Chains » 1 Acre 
040 Acres = 1 S^i-HLVVe. 



24 Grains 
20 Dwts. 



== 1 Dwt 

= 1 Ounce. 



Avoirdupois Weight. 



16 Drachms 
16 Ounces 
S8 Pounds 
4 Qoartera 



l^Onofle 

1 Pound 
1 Quarter 

1 Cwt 

1 Tod. 
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English Measures— awltfitfef^. 

14 Pounds, s 1 Stone Liquid Mbasure. 

8 Stone =i 1 Cwt 

4 GiUa = 1 Pint 

— 2 Pints » 1 QiUBt 

38 Pound. - lT«.Straw ^ ^""^ = 1 Gallon. 

fiA „ = „ Hay "■^~" 

36 Trusses « 1 Load. 36 Gallons = 1 Bairel 

42 „ =1 Tieree. 

Dby MK1.80KK 63 « =■ 1 Hogshead 

UMT jubasubb. 2 Hogsheads = 1 Pijie 

2 Pints * 1 Quart S Pipes = 1 Ton. 

4 Quarts = 1 GaQon r,«. u , i, 

2 Gallons » 1 Peek ^& old ale gallon oon^ 

4 Pecks = 1 Bushel tained 282, and tiie old wine 
8 Bushels =. 1 Quwter ^^xUm only 231 cubic in. 

5 Quarters = 1 Load. *\ tx * _* i 
^ cbes. Hence, to convert ale 

OPie Winchester busliel gallons, into Imperial, mul- 

Qomffined only 2150-42 cubic tiply by 101704, or .to can- 

inches. Hence, to convert yert wane gallons into Im- 

Winchest^r bushels into Im- penal, by *8331L And to 

penal- multiply by -96945, convert Imperial into ale 

and to convert Imperial gallons. multiply by •98884, 

buphpls into Winchester, by or to. convert Imperial into 

V031* wine gallons, by 1-Q0032, 

if otetan fiSUatiuxt^. 

In the annexed Tables the Imperial Foot, Pound: 
(Avoirdupois), Bushel, and Gallon, are severally com- 

Sied as units with the equivalent or corresponding 
easures of each of the specified countries. The 
value of each Foreign Measure, in terms of the unit^ 
is shewn in the first column, and- that of the unit in 
terms of the corresponding Foreign Measure, in the 
second column, opposite each country respectively. 

Long Measures. 

England 10000 

Austria, Trieste {JElle) 22 1 67 -451 1 

Venice {Foot) 11400 -8772 

Bremen •94^4 V^ia^ 
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Long Hemures— (WttftiMwrf. 

Chilu.CaiDtan (Coin) 1-318T -B30a 

(Poui) T-0542 -WBi 

t}toma\,Copeaiitigea(_RhiiieIinidFoot}.. 1-0417 -97% 

(ElU) 2-OOuO -dOOO 

Egjpl(Pa) 3-2334 -MJT 

Pnnue (Jl/«rt) »a80» SOtt 

(FaoO 1-0659 -9388 

Gre«»,P»trm«(Pi«,Z4iit») 2-2300 -Mii 

(„ Short) 2«834 -47S9 

HuBbnigli (£U<) 3-9873 -SSW 

(fmw) -9408 l-OfBS 

todls, Calcatta (ChMO l-flOOO -66BJ 

Bombaj(aiU) 1-MOO -6661 

(Ota) S-2900 -iM 

NBplo»(Pa/iim) -86*0 M4» 

NathCTlamU (E/Ji) 3-S809 "WTS 

Penia, Bushire (»az, Cohhidh} 91)834 -ITM 

(„ ic^ 3-iSM -asoo 

Partnenl f Fool) 1-0787 -9Z» 

fFomJ 3-6000 -S77B 

PriiffliB, Danuic -9417 1-0619 

Rome (foot) -9707 l-OSSS 

ICaiia, Lesser) 6'J283 -iSSi 

( „ Greater) 7-3300 1361 

RiusiB,PetertbntBh(.<reA<'N() 2-33S4 -4386 

Riga imte) 2-0000 -flOW 

(Fwl) -8992 MlSl 

ICIafler) 6-0000 166) 

Sardinia, Cullari (PoAno) -B750 1.1441 

Oeaoa ( „ ) -8I0£ 1-3338 

ffidlv,Pal8niio(Potoio) ISOOO -9334 

{Camia) 9'600O '104S 

Spain, AlicantB (rm.) 2-4950 -4009 

BarceloDB Cflnfl) 1-7500 -57S0 

Cadli F^rn) 27810 -SW 

Siredeu, Stockholm [EUt) 2-0000 -500D 

(Foot) -9737 1-0270 

Tuilref , CoDiUnthiople {Arshim) 3-3330 -4301 

(EiuttU!) 2-2500 -4445 



LoNo Measures — eoaltniud. 

ii{BrtKdo) .......... 1-9IW STSi 

{Oamu).....,L 7-8800 -ISOa 

»20M WM 

' Dkt MtAtuksa. 

.w.^.^.^-.it; I-OOOO 

AWMa, TrieMB (Mtlzent) ..... ^ . i 1 -BTOS -aSBS 

(Store) M66a '4408 

Venire (SfOTo) S90M -4344 

Vienna (Jfrtim) .,;..;:;..„ 1-0381 'S186 

Bifarii, Munich (StAajf) 9WT2 1003 

Belgium, Antwerp (lUudiie) ...: 2-7318 -3634 

BniSFelH( „ ): ^009 """ 



CmmI {VuTtel) , . . . . 3-9330 

Denmark, Cnpeulingen (Totndt) 3-8334 

Bm") AlExuidriu, [Rhtbcbe) 4-3308 

Ctito(Ki,loz) : 4-3748 -SlSft 

France (BnlnMu rJe Parii) 4489 S-S7la 

(Selier) 41873 -2369 

(£ifrO •.■.-. •0373 36-3637 

{Hedolitre) 3-7312 -3634 

Franc fort (3f after) ; .;;; ;;...;;;-3'.r7a3 ■4M3 

BamburKh (SeL'ffil) ;..;..;:: i'Sma -3453 

HBnovL.r(ffim^«) ;..:::;. Sliis 1-1699 

Z.B\Kc]!. (Scl-^ffil) , IDT97 -921(8 

MecWouburgli (SrAtjff/J ■. .- 1-1676 -8564 

Naples { Tomolo) i... ;.■ -3-4340 -4108 

NelherliiQas,Anisi«rdirm (Sc*«p*B) ,,;, -7425 1-S48B 

SBRue {Sack) .,..,,..;.,. 3-9510 -338?' 

Rotterdnm (SflBil) :.; 303432 -0337 

Norroibnrgh (Siimttni) 9-3458 -1083 

PersiB f Jr(a5u) ; W-SIIS -0845 

Porlneil (Mmjo) , 33-SSS4 ■044» 

[Alqvicr) -3716 3-8917 

Pmssia, Berlin (ScAe;^ V4ft%& -aWiV 

Dantikt „ )...:..; VODK -UM& 
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Dry Measures — continued. 

Rome ilUtbkio) «.... 7*aQ09 '1029 

BxuudA(Chettffert) 5*3583 -1866 

. {Cheiwirick)... .••.••••• '6699 . W$fi8 

Sardinia, Ce^\{aji\Starreli6) .'. 1*3474 -7496 

Genoii(Mina) ., 33931 -flHl 

SaTony, Dresden (<V^A<*/f0O............ 2*9100 -3486 

SiiAlj {Salma Generalel ,, •^.y •..7:31j6!4 " rlW 

( „ GrhMo)' :.: .V. 9.1199 '1097 

Spain, Aiieante (C/aAur), 6-7862 -1474 

Baroolona'(Quar/«ra} -S^IQS 4-58S9 

Cadiz (Ca4iz)....'..... ^...19(198^ -0593 

CormnA^Perrado)' .>. . ' -^^445 22-6R67 

(J^anW)......... ...... 1-49;W -GTW 

Sweden, Stockholm (Tunna) 4*0268 -2489 

(Kanna) -07lt) 13*9QeS 

Switzerland, Berne (Muite) « . 4*6254 -21til 

Geneva {Coupe) ". 2*1364 '4687 

Zurich (3fa//0)... 2-2735 -4394 

Turkey, Constantinople {Kisloz) -9648 1-0369 

Tuscany, Florence (Stdjo) -6509 1 '5363 

Wurtemburgh^ Stutgard (iScAelfeZ) 1*4553 -6871 

...Weights. 

England .....' i ....... i l*000O 

Austria, Trieste........... J...« 1-2341 -81Q3 

rienna.. :..... 1*2350 -8098 

Yemce (I'eso Grosso) -9507 1*0518 

( „ Sotile) .: 1*5054 -6643 

Belgium 2*2049 -4533 

Bremen 1*0986 -9108 

Brunswick 1-0294 '4971 

China, Canton ((7a«j/) 1*3334 -7500 

Denmark, Copenha^n... 1*1029 *9719 

Egypt (Rottolo Forforo) . .....' '9347 1*0698 

( „ Zdidim) 1*3350 -7490 

( „ Miha) 2*0700 -5988 

( „ Zaro) .....' 1*6700 -4830 

France (it w«deMdrc ):.::.. 1*0793 *9263 
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Weights — ronlinvtd. 

VtwaeeltTtutUe) I-IOH -WTI 

(KiUframt) 3-3n4S -USS 

natakfort- ...,,^ I'OWD ••TOB 

HliDborgh... J, 1^)680 '-SSOS 

HattareT..,.'. l-QTM -Ml* 

Lolwck 1-D6S3 -9348 

Halts (S..(1d1d) „ 1'7«SI -fiTSO 

Morocco, Maggodore I'T8I2 •MU 

Naples, (ContiiroGraao)-'iiiiii,;-ii.i-l9aS0 -aOM 

C ,. K«*ioJ-..n,i I-OOOO -9434 

NellierliuKlgfOldWiigfat)' :;ii. ;..;;.. 1-0893 -9180 

(New-t,-)-'""'".". Me49 ^aaa 

Penia [Ufaind Tabret} ■ mii:. ,..'..,. 6-S30U -1600 

(Copra) ;. 7-3000 -1379 

(Slum) ..i..i m.... 13-2100 -07&4 

Poland (Old Weight) -ssai 1-»0S 

(Ne») -.*. -8900 1-I3M 

Portugal C^n-irtcO i.^..;;.^;^ .. tinii -Mn 

PniMla .......i.-,,.i..; l-OSSO -9080 

Rome, CiriU Vecokia (£jin>) i . . ; , . -7477 1-33T4 

Rjwia, Pelerabnrgh •9020 MOTS 

Hig« ,, 1-0849 

Sardinia, Cagliiui {Cvnlaroi 93-0313 -0107 

Omoa (JPeio CrongJ .....;,. -7607 I-3000 

l„Soim) 'egs* 1-4310 

{Lihtra).. -SToO M«9 

S»dl3(RoOoIoOr»ito)..i,.....i.ii;^. 1-9250 -5195 

I J, Soiaie)...f 1-7300 -3714 

[UHra) ...*..,..........■..... -7000 t-4S8a 

SpdD, AllcnntB {Arroba) ...... ^.. 37-37a0 -0363 

Barcelona -8920 1-1337 

Cfulia f Pmnrf (/tJojf ite) I'OIM -9641 

(Libha) 1-01« -9857 

SmUearFleUiMi!) ..^,i. -ti378 1-0S66 

C5fW»l -7894 1-2687 

SwllBerUita, B«me ,,,,.v 1-1514 -8685 

a«ae<* (fiwy) I-2H0 -82aT 

(Wyii) \-oui -WWl 

US 



Wb ights — eontinned. 

gwtBerlUid, Zurich (Hainj) 1.1028 -BSDI 

llishl).'. 1-0383 -9678 

TmiBj,CoiMiai6aov\elOhe).... ■. S-B399 -3190 

T1MU17, Laglpm -7.4811 1-S3U 

WwtembwBb, Stni^u^.., .....IdSU -96S1 

. LisctV' HCMonR,' ■ ■ . 

EngUnd ........i.l. ....... ItlODO 

Alull1a,TiiMlBir>nu)....., i 12-0000 -0600 

ISakU) M4-AMS -OOeB 

Teniee (arira) ,....„.. 3-9S61 -a97> 

' ISolta)., , 143-«70l -0081 

fii^miy....,,,.,.,, »oa4o -osao 

' (mtiefU)., .,14-9870 -0701 

bOgiam, AatrerpX^lep^) ,.... S-DSIT -IM 

XAim)\,,', ,,a0-4OB& -0318 

BnDieQ(^nlaO .'.' .' ,... 6-Ja7S -1360 

(jhm) .: ; as-esw -osm 

{Oxhefi) 4S-3SIM -OanT 

Denmark, CopeDhagen (PM) -aiM 4-7081 

Ijnker) S-33U -1300 

iFuder) 107-5604 -UOU 

Fiance (Xifre) '2301 45434 

Ifftcbdilre) 33-0000 DWi 

■ 'ifA-iier) .: 7-9667 -laW 

(Akm) 31-8664 -OSIS 

{Fader) 1911987 -OOM 

Kipla* (Borife) 9-1643 -1091 

{.Sahna) 3.^6144 -0180 

{Bottii I09-«70a -0098 

[Carre) 2I»-»410 -00*5 

Nctbeilanda, AmaterduD (^or) -3301 4-5434 

It'at) S3-0000 -DW 

HotlCTdam (Sloop) ...... -5644 1-T718 

Poitugai.'Lit'boa (AlmuiU) 3-4407 -3747 

{Tonneiada-) 188-3242 -0053 

Frasiit., Dantzic rQiuirO 1 -^VH -eoJS 

(Aniur) %4a09 -laiO 
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Liquid MmABVRnB^eontinued. 

Trnui^lHnixic (Ahm) 3d'<M37 *030^ 

Russia, Petersbiirgh(7r0<fro) 27076 "3098 

Riga (JhiAef) ••«••••• •••••••• S-SOBS ' 'HeS 

(Ahm) ...;.;«...: 84-4385 H)S98 

rruier).. 4.908^12 -0048 

Saxdinia, Genoa (.9<imli) ..-. l6«S8d7 -0613 

(jre;«<ir«4f>...k.... 3^986 <0306 

Sicily, FalerniQ (^fri^) k. .. t 7-8083i . *1888 

Cfonna) 3i*9P|33 . ^99^^ 

Spain, 4licaate(Caniraro),«.^ •»•.•• ^5^; '^889 

C^rroJa) ..:..,.♦•• 317648 -3148 

(7ofine{»2a)...;.... 254*0985 -0039 

Bai^lona (Arroba)4 2*2702 -4405 

{Carga) *..., 27-2427 -0367 

Cadiz {Arroha, Lester) • • ; • . • S-188t <3i02 

{ „ Ortater) .,..-,>. QimJ -9^21 

Sifeden, Stockholm (JTaimor) .....•' 'at65 1*7348 

.{AJun) ..«i 34*5041 -0288 

TimiB(|/e<^) ...^p^..,^, «.. .4*2696 *83tf 

(Jl«aen)fo}.....», .141000 -0708 

TuTlaj, ConstanOopPle (Alma) .*••..• 1*1455 . "8798 
tiiSDtary, Leghorn (MegzeUi^ .i.«i.« ;1248 80064 

•fBdccoli).. ;..... -2499 400)16 

• (Fto^o) ........ 1-499^ ' 2-0008 

(Barifo) ...'.;.... '9^973 -IpOO 

Mjechanics. — Exerciaei--Frtetion^'-~Modon, 

MechaDics is tlidt branch of Natural Fhilospphy 
"which treats of the. actions and effects of ttov^ngf 
bodies one npon another. In other wordsj it is tb« 
science of fqaiH]biiinn and motion,' ' ' . 

On T^k Elevbnt's of MACHiNtifty. ' 



' • I ' 



The meehaiiloal piincifde by whiek a -otoirag 
force is enabled to counterbalance, or oyercpme the 
resistance or inevtia of a superior foiQ^v ^ ^^<^Sbk;\ 
isy that part of theresiiting wMghi, ot Ioc^^Sa ^"o^ 
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ported by the machine, or-en^ne* so that only the 
remaining part is opposed to tb^ action of tlie nioli?e 
force. 

-By maohme, pr ejigiA^*. is. understood » union, or 
eonwination of certain, simple, instruments, or oon- 
triTances, the actions, pawei8,and effects of which are 
either knbwn^ or can be- readil j ■ determined. 

Of these dmple instmments, or contrivances, the 
Lerer, the Wheel and Axle, and the PaUej, form one 
class, depending on one set of principles» — the Ii^ 
(dined Phuie; the -Wedge, and the Screw, another okn, 
depending m another sretdf principles. 



• i * 



Leveni «re of {ovU kin^ 

In thcifirst kind,, the rod is supported in some part 
of its length, on a fulcrum otprop, and the rensbng^ 
and moving forces, or the patient and Sjopent, act at its 
opposite extremities. The- (Operation of elevating, or 
depressing a gun, by means of a handspike, is an ex- 
ample of this kind of lever. The cheek of the caz- 
ria^ representing the fulcrum, or prop; the gun, the 
patient, or force to be overcome ; and the man, the 
moving power, or agent. 

The operation of running a gun up, after the recoil, 
exemplifies a lever of the second kind. In iJiis case, 
the platform represents the fulcrum, the gun and car- 
riage the patient, and the man. the agent 

In the third kind, one end of the lever rests on the 
fulcrum, as in the second Hnd; but the patient and 
agent change places, llie act of raising a ladder 
against the ramparts of a place, is a perfect illustratioD 
of this kind of lever. The ground on which one end 
of the la44er is planted, representing the fulcrum; 
the weight of the ladder itself, the patient, or resist- 
ance tct be overcome*, and the men. employed in rais- 
iag itf the moving ioice ox %.%^xxv 
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.The Ibuxth iind of lerer is, propeily ipealuDg, only 
a variety of the first llie dinereDce consists in this, 
that the rod is hent, and the fulcrum applied at the 
aagakur point. 

Now, by the theory of parallel forces, when an 
equilibrium subsists in a le?er of the first kind, the 
power is to the resistance, as the distance of die latter 
mm tlie fulcrum, is to the distance of the former 
irom the same point, — or, the power multiplied into 
Its distance from the fulcrum, is equal to the product 
of the resistance into its distance from the same point. 
And this rule holds good in respect to ea4Qh of the 
other kinds, because, in each case, the ppwer, resist- 
ance, and pressure on the prop, are three forces ex- 
pressed by the same terms, but reciprocally inter- 
changing values with each other, and of these three 
forces one is always equal to the sum of the other two, 
and acts in an opposite direction. 

In each of the three kinds of IcTcrs, the resisting 
and moving powers are supposed to act in lines per- 
pendicular to the arms to which they are respectively 
applied, and the levers themselves are supposed to be 
void of gravity, or weight; or, which is the same thing, 
the arms are supposed to be in equilibrio, independent 
of the weights, or prior to their application. ]f the 
power and resistance do not act in lines perpendicular 
to the arms of the lever to which thev are applied, 
other lines must be drawn from the fulcrum at right 
angles to the lines of direction, of the forces respec- 
tively, on which the distances of the power, and reastp^ 
ance from the fulcrum being measured as before, the 
preceding proposition will still hold good; — and, if 
the arms of the lever be not in equilibrio, prior to the' 
application of the weights, the weight of each arm 
must be multiplied into the distance of its centCQ ot 
gravity, from tne fulcrum, and added Xo \)&q\i\a ^^^ 
of the above equation. 
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If a namber of levers be combined togeih£ 
power at the end of the first ann will be to thB 
ance at the end of the last, as the oontinaed pi 
of all the short arms, to the continued jncodqot 
the long ones. 

The wheel and asde is in principle analoffOHi 
lever of the ftrst kind, the fnlcrum being at me • 
of motion. In the case of ftn equilibrium, the] 
the power is to the resistance, as the radius of tb 
to the radius of the wheel, — or, as the circumfi 
of the axle to the circumference of the wheel. 

If two or more wheels and axles are con 
together by strings, or bv teeth cut in their d 
ferences, the power at the circumference of th 
wheel, is to the resistance at the circumference 
last axle, as the product of the radii of all the 
is to the product of the radii of all the wheels ; 
the continued product of the number of teeth ii 
axle, to the continued product of the number of 
in each wheel, supposing every wheel and axle t 
teeth. 

In principle a moveable pulley is analogou 
lever of the second kind, the fulcrum being i 
fixed extremity of the rope, the power at the 
extremity, ana the resistance in the centre < 
block. Then, when the two directions of the ro] 
both parallel to the same diameter of the pullej 
power, is to its resistance, as 1 to 2, or, as the ] 
of the pulley to its diameter. And when seven 
leys are combined in two blocks, the same n 
repeated as often as there are pulleys in the mo' 
block ; therefore, if n represent the number of p 
Id the latter, the powQT, \b \Ql\i^Temtance^ as 1 
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so that if ii3b3, we luive the power to the reastaace 
as 1 to 6. 

If a namher of strings be made fast to immoreable 
poi0tB at oae end, and each be made to pass under a 
moreable paUej, and:the!dther ead be attached to the 
block of the next pulley, and so -on ; then if a renst- 
ance be applied to the nnt.block, and a power at the 
extpeinity of the laet rope, the system will be analoffous 
to a eOlmNiand lever* of the second kind. Therefore, 
if « be tne nimbev of moreable pulkys, the ratio of 
the power to the resistance will be as 1 to 2 f», so that 
if iisp4, we haTQ the power to the reastance as i to 8. 

Ineitn^ litone. 

If a body is supported on an inclined plane, it is 
kept in equilibrio by three forces, thajt is the sosUdn- 
ing poweff^rtUe power ol gmTity» and the re-aotion of 
the piaHe; which all eoneurring in the body, the 
ratio4 between tbeiQ aie» by the composition of forees, 
proDQrtional to the three sides of a triangle ooindding 
witn, or pandlel to the directions in which the forces 
act. When tibe soataiaing power acts in a direction 
parallel to the lepgth, or parallel to the base of the 

glane, the triann^e of forces is -similar to that formed 
y the hypotheaqse, base, and perpendionlar of the 
inclined plane. In the first eaee, the sustaining power 
is |o the weighit of the body, as the height of the plane 
)» to the length of the hypotheniise. And, in the se- 
cond, case, the sustaiaing power is to the weight as the 
height of Jthe plane ia tolhe length of the bsea. 

The we4ge is aneleg^s in principle to an inclined 
plane, for on enteringf the material, the divided part 
appears to move along the slant side, precvv^Vj «& ^ 
body moves up an inclined plane, li^ li^b^^iveto^^ 
impelling ibrce a,ct ia a direotkm peirpeaaAacv^^ V^ ^ 
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head of the wedge, that force, together with the re- 
sistance, and the re-action of the wedge, form three 
forces in eqnilihrio, which will he oropoftional to the 
sides of a triangle, drawn pamllei to, or cofaiciding 
with, the directions in which the forces act Con- 
sequently when the divided part turns on a joint tt 
the angle of the wedse, the impelling power, is to 
the resistance, as half the hreadth of the head of 
the wedge, is to its slant length. And when the di- 
Tlded part moves in a direction parallel to the bead 
of Uie wedge, the impellinr power, is to thtfterist- 
ance, as half the breadth ofthe head of the wedge^ 
is to its perpendicular length. 

If a screw, by turning on its aids, enter any mt- 
■ terial, the parts contiguous to the sides of the threadS) 
would appear to more along the sides, just as ■ 
body moves up an inclined plane. Therefore, in 
the case of an equilibrium, the moving power ac^ 
ing at the circumference of the screw, is to tlw 
resistance in the direction of the a^ds, as the dis- 
tance between every two threads, measured in a di- 
rection parallel to the axis, is to the circumferenee 
of the screw. But if a wheel or lever be fixed lo 
the axis, as is tlie case with the elevating screw of 
a gun, and the moving power be applied at the 
circumference of the one, or at the extremitv of 
the other, the ratio of the circumference ofthe 
screw to the circumference of the wheel, must be 
compounded with that of the distance of the threads 
to the circumference of the screw, and the result 
will be, that the power is to the resistance, as the 
distance of the threads, to the circumference of the 
wheeL 

Mile . — Leaguey — Meoswc,— I* we. 

Miles vary inlen^Vn ^\ttw«iTAwi^TiVev«^-««sar 
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tines in the same conntiy. In the annexed table 
the statute mile of England' is compared as an 
unit, or standard, with that of each of the under- 
mentioned countries; or, with the corresponding 
{tineraiy measures, of each of those countries xeq^eo- 
tiyely, — 

Exudand 1*0000 Netfaeriandi (JM. Jfilt J •ISIO 

AfffliT 1-9S04 Oldenlmrg. 0*1477 

Bohnk 7464S VenaikfPmraamug) .... 8*4679 

Bntantf'l^MMJ .. 3'4M3 "BoktatA (Short MiUJ .. 3'4fta3 

ChiiOkfLi) *3501 (Jmm „ ) .. 4-6029 

Dwteks' 4'6ia3 Vot^nueA (Limjiue) .... 3-8400 

Denuwrii. 4-6841 Proaria 4*8114 

f nuiM/£u dc pM(e; S*48» Boada/'IFerrt; -6031 

fJDlomekr) . . *6SI0 Sazoor 6.0278 

Qemmny (SlL.MikJ 8*8971 Seotland MS78 

(Long „ ) b'TlQik 8Ueaui 4*0M4 

"BvnAmtffi 4*6811 Spain ^Com. 2>igmt«; .. 44137 

Hanover 0*6670 (Ro^ „ ^..S'OSSO 

. Bease 6-90S6 Snabia 6-7634 

H61]apd .i 4'6090 Biredan 6*0477 

Htu^wj 6-1779 SwitiMdaad 6'9000 

India /TWommJ •• S-3009 Tuscany 1*0973 

Irahnd ............ 1*8788 Torker f Bcrrf; l-08t6 

. Itiiy....:.^.. 1*1606 Wfli^^faalte 6*9099 

Mines are either o£fensive or deiiBnaire. Offen- 
fiive when employed b j the besiMerB ; ddfensire when 
employed by the besieged. "Diese latter are also 
called oounter-mines. 

On thb Disposition of Defknsive Mines 

Engineers have proposed various systems of de- 
fensive mines, both permanent and temporary. Of 
thiese systems, those of Belidor, Mouze, and Marescot, 
axe the most oelebrated. Every system of defensive 
mines, however it may varr in the disposition of 
its several details, most conrorm to the Renml out- 
line of the works and the configuration of die 
ground, in advance o( and beneath wl^c^^ \X \% 
established. Jn other words, the gi^Aenea scudi qqisw- 
muBjctUiooa mnut severally ocoupy ihoM nLto2MA0B& 
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Dram wliich the besieged ean most readily diire 
bnnches and establish ohamben under the besiegen^ 
batteries and approaches. 

Belidqr employed, in hSs system, three principJ 
gaIIeries,-Hnie under the teireplein of tlie ooreied- 
way, — another, called th? gallery of envelope, at the 
foot of the gJAcis, — and a third behind the eseai^ n- 
Tetmenta. The main gallery, established under the 
corered-way, he connected, at certain interralig witk 
the gajlery of envelope, by diieoft ffaUeries.or eommn- 
nioadons, and, from the galley of envelepe, be threw 
out other direct galleries, calleid liateners, still fhrther 
towards the enemy. He also sometiaies eonnscted 
the main and escarp galledes by oommnnicatioiii 
under the ditches. 

Mouz^ employs; bat one priqclpfil.gjillary, whieh 
he places beneath the terref^ehi of the oormd-irif, 
in contact with the counterscarp. With this gaDeiy 
he oombines- a. series of longitudinal and tranivene 
galleries, and galleries of communication so directed 
and disposed uiat an enemy can attack diem neite 
in front nor flank, without exposing his operatiou to 
die full effects of the defensive chambem. BeneaA 
each salient angle he makes three defensire dispoo- 
tions, —one immediately in front of the salient, aad 
the other two more in advance. The first disposition 
is arranged in a single tier, the others in two or three 
tiers, according to Sie nature of the soil. He also 
proposes that the chambers of the more advanocd 
mines shall be isolated, or independent in their aotioa ; 
and that the chambers directly in ftonX of the sa^oits 
shall act in combination, or simultaneously. 

General Mare8eot,in his system, substitutes relieriag 

vaults, or casemates, for the gallery under the terre- 

plein of the covered-way ; and employs neither traos- 

rene galleries not a ^s\2L^ ol «vi^«Q«b. He disposes 

hiB gaUeries of comtnum^^ii «tA\aft»i&m|^^gSsx«9^ 
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in tbe finnb of a tpeoies of net-work, so oontrived and 
arranged that in what direction soerer the enemy shall 
adTance in his approaches towards the crest of the 
fflads, he will be met, either in front or flank, hy the 
besieged. Like Mouze, he also defends the glacis by 
three distinct dlspositionsy'^ihe first, arrangea in three 
tien, is directed against the third panJldy—the se- 
cond, also ananged in three tiers, is directed against 
the fonrth piuallel and the intermediate woTks,-HLnd 
the third, airanged in a single or double tier, as oeoa- 
efon may requirei against tiie enemy's breaching and 
CMinter batteries. 

On THE: OoNSTIiaCTION OF:MlNE8.. 

Mines are either offensiTe or defensive, temnorarr 
or permanent. CHf<fensive nbines are usually lined idtfc 
ti]nber,-^efenstYe,witli timber or masonry, according 
to circumstances. In cdtlier ease the mode of ooth- 
stmction is precisely the same. 

Excamtions employed ita imuiing are of two kinds, 
tihe one vertieal, the other either horizontal or ineUned 
to the horison. If the excavation be vertical, it ir 
oalled a shaft — if horiaontal, or inclined to the ho* 
riaon, a branch or gallety, according to its dimensions 
and intended object. Branches And galleries are also 
distinguished iuto ascending or descending, according 
as they approach tof, or deipart from, the borison in 
their onward march. The recess or cavity formed to 
receive the charge is cAlled the chamber of the mine, 
and the shortest liile that can be drawn from the 
centre of this recess to Uie surface of the ground, the' 
line of least resistance. 

The ezcavatiott formed by the explosion is oalled 
the crater or ftinnel of the mine, and the solid re- 
moved is, accordiDg to Vali^re and Cormontaigne, 
a paraboloid, the base and focus of which are oq«i- 
cioeDt with die plane of explosion and cenVn ot >9bA 
cJuuyfe. The eenire of the ehwrge ia sSlvo loiiiK^Qa&KA 
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called the fbeiu of eKplomon ; and the point at vHatsk 
the matdi is applied, the fiMsus of igiiition. Alao a 
line drawn fircnn the looot of explorion to the edoeof 
the crater, or of the plane of ezjdoeiony it oallea die 
mdint of compresBion. 

If a shaft tt to he sunk merely fiyr the pni^pose of 
demolition, its dimensbna cannot he too oontractsd. 
It is found howerer from experience, that if the sliafi 
he of lees dimenflions, thaln two feet bj three, a miBei 
eannot proeeed afker sinktnic six feetr--and it has besi 
ihrther found, thattime will he gained if the latter e( 
these dimensions be increased by six ittohea. In the 
field, shafts exceeding three feet bj four in the den^ 
are seldom required, — they are siAeiehtly- laige for 
all ordinary puroosea. 

Branches seloom exceed two feet six inches ia 
widUi, by three feet six inches in height. Bxan^ 
only twenty inches square hare been driTen ; but in 
such cases, the progress made was slow in pn^rartion, 
not exceeding from six to tweWe inches in an hour, 
according to the nature of the soiL Galleries lined 
with masonry are usually made six feet in height, bj 
four feet six inches in width. Temporary galleriei 
seldom exceed four feet six inches in height, by thne 
fiset in width, — and it is found, that the air is unfit for 
respiration, in the larger galleries at a greater distance 
from the bottom of the shaft than twenty-five fathoDS 
— in those of medium dimensions at a greater distsnce 
than twenty, and in the smallest than fifteen fathoms. 
The chambers are made from two to three indies larger 
in every direction than the box or cofier in which the 
charge is lodged, and are usually established at the ex- 
tremity of a branch, or at the bottom of a shaft. In 
either case, they must not be cut in the prolongatioa 
of the original exca?ation, but at ri^t angles to it. 

In order to protect the loaded hose from injuryi 
flgpecially in stoppmg ot tami^m^ the mine, it is en- 
* ^ in a woodea tobe ca^Vftdi ^^ %ni%^\. ^ Vri^ ^^^^ 
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extending from the centre uf the charge, or focus of 
explosion, at which point one of its extremities must 
be secured, to the focus of ignition. The hose itself 
18 usually made of coarse linen or serge one inch in 
^meter. it requires about one pound of powder to 
fill every four feet of its length — ^an operation which 
is most readily managed from a height. 

The £nmes employed in sinking shafts, or driving 
branches and galleries, are usuiSly placed at froni 
three to four feet apart, according to the nature of the 
aoiL In a soil of medium tenacity, a miner, at work, 
ipasr he heard at a distance of fifom twelve to fifteen 
^tiboms, — and the noise ihade in fixing the frames 
laay often be heard at a distance of from twenty to 
twenty-five fathoms. 

if Uie dimensions of a proposed shaft do not exoeed 
three feet by four, the scantling for the frames need 
not exceed three inches in depth, by four and a half 
in breadth. Scantling, four inches in depth, by five 
and a half in breadth, will be amply sufficient, under 
ordinary circumstances, to resist the lateral pressure 
of the earth in a shaft not exceeding five feet by six. 
The stancheons, and groundsils of gallery and branch 
&ame8 are usually made of square scantling. If a 
gallery is not to exceed four feet, or five feet six 
inches in width, five-inch scantling will suffice fior the 
stancheons and groundsils of the former, and six-inch 
scantling for those of the latter. Branch frames 
seldom require scantling exceeding four inches square. 
In the galleries and branches the pressure is piind- 
pally on the capsUs of the frames, llie depth of each 
capsil must consequently be proportionaUy greater 
than its breadth by one-third, or one-half^ according 
to the tenacity of the superincumbent eardi. in like 
manner, the top sheeting of the galleries and bmnohes 
is usually cut nrom two, or two and a half inch planki 
while inch or inch and a half plank ia BU&cVenXioi^^ 
aide sheeting/ or for the. sheeting of One aViaSlA. 
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On the Charges of MiifBs, 

If a charge o£ gunpowder be exploded in an ad- 
hesive, and compressible soil, of indefinite eattent, its 
effect will be, to drire back in en^ direoti0D, the 
earth in immediate contact with the duunber, — to 
convulse and disturb the homogeneiQr of the soil to 
a itill. greater distance,— and, finally, to prodace 
a vibratoty motion, limited in extent only oy the 
elisticity of the resisting medium. On this princi- 
ple, General Marescot dutingnishes thtee conoeDtrie 
spheres of action, in the mass of earth in which a 
mine is sprung;— the sphere of activity, whieh ex* 
tends from the centre of the charge to that point st 
which all action ceases, — the sphetv of friahilitT, or 
that portion of the sphere of activity, within whidi 
the partidte of the soil are afiiscted by a motion of 
translation,— and the rohere of rapture, the most ioH 

gortant of all, within the limits of which, cavities are 
iirst in, galleries and branches injured, and reret- 
ments, et cetera, overwhelmed and destroyed. 

It is manifest, therefore, if the sphere of activity 
be cut by a plane passing without the sphere of fria- 
bility, that the only external effect produced by Uie 
explosion of the charge will be a vibratory motion in 
the particles beneath that plane, and that this modca 
will increase in intensity, in proportion as the inter- 
secting plane approaches the confines of the latter 
sphere. On tiie other hand, if the sphere of activity, 
be cut by a plane passing within the sphere of fria- 
bility, it is equally evident, that the effect of the 
chai^ will no longer be confined to the production 
of a vibratory motion in the particles beneath the 

Slane, but that an external excavation, or funnel, wiU 
e formed, by the translation of those particles, uid 
that tiie magnitude, or volume of this excavation will 
be, ceteris paribus, in proportion to the charge. In 
this case also, the m\ei^cun% ^^asi^Sa ^vasAdmLt with 
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the base/.-of the solid removed; and,' consequently, 
identioal ^ith the plane of explosion. - 

fi^toe, niBies me distingiuBked into under, oirdi- 
naiy^ and suroliaiii^d mines, according as tlie radius 
ef Uie funnel is less, eqmal to, or greater, than the line 
of least resistance, and- ate charged with reference to 
the positioti of the chamber, the resistance to be over- 
come, and th^ proposed effect In other words^ they 
are charged with reference to the loigth of the line of 
least resistance, the nature of thfc soil through which 
that line passesi and the diameter of the proposed fim- 
nel, ^ plane of explosionrr-each of which conditions 
is, in the case of an ordinary mine, fulfilled by the ex- 
pression C= 1*0 / * fi, — in which / represents the line 
oi least resistance, in feet, and n, the quantity of pow- 
dcB-, in pounde^ required aoconfing to the nature of tike 
soil, to raise a cubic yard of the solid. 

The annexed table exhibits the value of n for .each 
of the several kinds of soil therein specified. 

Light Earth mixed with Sand 1*375 

Common Earth ]'500 

Fine Sand mixed irttli Clay 1-6125 

Hard and Strong Sand 1-875 

Clay or Fat Earth 2-000 

Wet Sand 2'12d 

Barth mixed with Gravel 2*250 

Clay mixed with Loam 2*500 

Sandstone or Rock 3*625 

Brick-work, or New Masonry 3*750 

Old and Good Masonry*. 4063 

In a soil of uniform tenacity, the effect of each of 
these charges will be to shake 1^ ground in all di- 
rections around the crater to a distance equal to the 
line of least resistance, wad to burst in branches or 
galleries situated in die same horiaontal plane as the 
chamber at a distance equal to once and a half \S&s9l 
line. The besieged can therefore empVo^ s\ki 
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mines only at the risk of destioyingf their own woiks. 

If the mine is not to be sprung immediatelT on being 
loaded, or if the soil sorroanding the cbamDar be not 
fiee ftom damp, the secority of the charge requires 
that it should be lodged in a box or coffer, which, if 
the dimensions of the branch will admit of it, is usa- 
ally prepared aboTC ground, and conyeyed empty to 
the chamber, or, it may be couTeved to the chamber 
in parts, and be there put together. In conformity 
with the theory of inflammation, the form of this box 
should be that of a sphere, but in practice the cube is 
adopted. Its capacity, and thence the dimensions of 
its side, are determined from the known fact, that a 
pound of powder in a loose state, occnpies aboat 
thirty cubic inches. Consequently if the charge ia 
pounds be multiplied by thirty, the product will be 
the capacity or volume of the required coffer, and the 
cube root of that product will be the measure of its 
interior side in inches. 

It is next to be observed that, in order to confine 
the effects of the charge as much as possible within 
the limits of the proposed plane of explosion, the 
branch at the extremity of wnich the chamber is esta- 
blished, must be tamped or stopped to an extent equal 
to twice the line of least resistance; or if the chamber 
be situated at the bottom of a shaft, that the whole 
extent of the shaft must be tamped. It frequently 
happens however, that these operations cannot be com- 
pleted for want of time, or from other causes, and in 
such cases, the charge must be augmented in proportion 
as the extent to which the tamping should be carried, is 
diminished. 1 f the charge be encreased by one-fourth, 
the extent of the tamping, it is supposed, may be di- 
minished one-third, — if by one-half, the tamping may 
be diminished two-thirds, and that if the charge he 
doubled, that the tamping may be dispensed with 
altogeihev. 
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OlSBftVATIONS OH TOE EmPLOVHENT OP MoBTAt£. 

MorarS are employed to dismount an cDemj'! 
arlillet)', to overlhrow and set fire to his noiks, w 
produce haroc and disorder among bis troops, and, 
in the case of a bombardment, to peaetrate Uie looh 
of magazines, caaemateE, and such other buildings 
a« ha?e not Eufficient etrenglh to resist the momoi- 
tum of their projectiles. 

The powers of the 10-inch mortaT are, gcuerallf 
speaking, adequale to &««e ^>n'$ciEeB. ffence, on 



priBciflea«f eoonomy, 13-ineli mottius aire 9dd«m 
employed in modem battering trains. lithe abj(eet 
be merely to set fire to an enemy's works, the Id-inch 
mortar has, ftam the superior capacity of its shells, 
a decided advanta^ ofer the 104nqh ; and,, for this 
reason, thearmament of e?^ bemb-ves^ei invariably 
includes a mortar of that descriptioa. : 

in the larger mortars ike initial velocity of the 
dull increases in proportion to the charge. To ob* 
tain the greatest initidi velocity, therefore, the chano^ 
bershOiiSd be filled with pc^wder. Jf the shell be 
surrounded witk sifted oarih or saad the inflamma* 
fion of the charg? will be moxe rafnd, «nd the gene* 
rated fluid more abundant and elastic ; and, cobm- 
«uently, the initial i^eity of the projectile will be 
thereby sttU furthei inoreaeed. By increasing . ths 
elevation an addition will ajbso be i^i^de to the initiM 
velocity, because, kn this position of the SK>rtax, the 
resistance opposed to the explosion is stall further 
increased ; and the fluid, generated in the chamber 
will consequently acquire greater density before the 
shdl begins to move. 

It has been found by taryhig thie charge iii the 
fSBunt mortar that there is a partieitlar eleyation 
with each charge that gives a longer range than 
can be obtained with the same charge at any other 
elevation, and that the eleva^ons which give the 
longest raxrgesi differ very materially in twe^ mortam 
of Afferent calibres, but of nimilar piopprtions, and 
charged with craantities of powder proportionate to 
the weights of Aeir resj^ive fihells,. and to the 
capacities of their re^p^ctiy^ chambers. 

Motion. — J9ttiMb<--J!f«dUfiK«,-«<-<Oinin<ry. 

Motidn iB either equable or variable^ Equable if 
- the body in motion move with on umfbrm vdnmir 
or pass 6v«r eqaal'ipace* iK^eqEoiBlklxvite.; ^«srniX 
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if the yelooity of the moving body be either accelerated 
or retarded. 

On the Laws of Motion. 

Every body has a natural tendency to continue in 
its present state, if at rest, it will continue in a state of 
rest, — if put in motion by an external impnlse, it wiD 
continue to move uniformly in a rectilinear direction 
until a change is effected in its motion by the agency 
of some mechanical force. 

Changes or alterations of motion effected in bodies 
by external forces are always proportional to those 
forces, and in the direction of the right lines in which 
they act. 

Action and re-action are equal and contrary, — ^that 
is, by action and re-action equal changes of motion 
are produced in bodies acting on each oti^er, and these 
changes are directed towards opposite and contrary 
parts. 

Equable or uniform motion is produced by a single 
impiUse communicated to a body, and the velocity of a 
body in motion being measured by the space uniformly 
described in a given time, it follows that, when a body 
moves with an uniform motion, the spaces it describes 
are proportional to the times. But if several bodies 
move with different velocities, during different times, 
the spaces they describe are proportional to the velo- 
cities multiplied into the times of motion respectively; 
which is expressed by the formula S cc v, t. 



Accelerated motion is the result of the continued 
action of a moving power on a body subject to its in- 
fluence, and it may be considered as produced by a 
succession .of equal imi^\)\^& ^\. \]b!& end of indefinitely 
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small portions of time^ Eiaoh new impulse producing; 
an equal inbrement of relocitj, the velocity, at the 
end of any given time will be proportional to die time ; 
the spaces described in the successive instants of time 
will form a series of terms in arithmetical pogression, 
beginning with zero, and increasing by unity, and the 
sum of sucb a series is equal to the whole space de- 
scribed. But the same space would have been de- 
scribed in the same time, if the body had moved uni- 
formly with a velocity which is a mean of all the vari- 
able velocities, and that mean velocity is half the 
greatest, which may be represented by half the time 
of motion. Therefore, suletituting this expression for 
the velocity, in the formula of uniform motion; viz. 
S cxi v.t, we have <Si qd i <• ; whence S od «•. That 
is, the spaces described by a body urged by an acce- 
lerative force are proportional to the squares of the 
times of motion. Near the surface of the earth a body 
falls through l^^ feet by the action of gravity in one 
second of time ; therefore, the spaces described by a 
falling body in any given time may be found by the 
formula, S act** And the velocity generated in a body 
urged by the action of gravity during one second, being 
such as would carry the body through 1^ feet in the 
same time if the body had moved uniformly vrith half 
that generated velocity ^^ twice that space,. or 3^ feet, 
wiU express thie velocity generated by gravity at the 
end of one second, and we may find the velocity genera- 
ted at the end of any given time by the formula S ccv. 
But when different bodies move with unequal acce- 
lerative forces ; then, because the spaces described and 
the velocities generated are directly proportional to the 
forces, and inversely pn^prtional to the masses or 
weights qt the bodies;* the spaces and velocities due to 

/. t* 
given times may be found by the formula S QC- '\^ ■> 

and V oc*^---- 
m 



If a body in notioii be retarded by a ooostut 
fotce, the space described before tbemotioD is extia- 
guislied will eridently be equal to tibat described bj 
a body, moving from a state of rest, bj an accek ta- 
ti¥e fcnrce, tiD it acquires a Telocity eqaal to Ait 
with which the retarded body be^n its netiMi. 
Therefore, in retarded notioiis, the space deseribsd 
by a body before motion is destroyed, ia proportioiis] 
to tide square of the initial velodtj. Bat when there 
are different bodies subject to different retu^Sng 
forces, the spaces described must be inveiMly pro- 
portional to the foiees, and directly mroportioBal ts 
the masses or weights of the bodies^ Therelbre, the 
qpaoe described before motion is extingaisbed may 

be found by the formula iS oc "^^^^ And the time 

in which the motion is extingtnshed may be ibimd 
from the formula t(X \/ S. 

Hence may be found, both the spaces described, 
and the velocities lost in gfiven times, when a moriog 
body is subject to a retarding force. 

Orpiment. — Compontion, 

Orpiment is of a bright lemon, or ffolden color. 
It is soluble in boiling water, insoluble m acids. It 
is massive and lamellar, and bums with a pale blue 
flame. 

Oscillation. — Gravity, — Pendulvm, 

If a body, or system of bodies vibrafe about an 
axis of suspension, with a certain angular Telocity 
by the action of gravity, then that point in the axis 
of the body or system in which a particle being sus- 
pended from the axis of motion wiU Tibrate vidi 
the same angular velocity, is called the centre ef 
oscillation of the body or system. 
To determine iIolis ^omV \xcA.<^\i^ ^<^UiLe joinuv 
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tks eeiitves of so^adoii snd oseilktkni to be oblique 
to die vertical positieo ^r^tlwB the fence of gra?ity vfon 
janf particle or body iitthe system, to tufn it abpnt 
the point of sommion^ which is equal to the mass of 
ikkfi particle multiplied into the distance of the point 
of suspension from a tertical line passing throunfo the 
particle, maj be found, and, coqsequentli, the isium of 
the acticms of gravity upon all the particles or bodies. 
Also, let the fovee of grarity upon a partiele in the 
centre of oscillation be iDvnd in the same wivf. 

Next, the momentum with which. any particle or 
hodyof the system, inyibrating, resists tbecotiqnof 
gravity may be found, since it is equal t» titie'miass of 
me pskicle or body, multiplied into the square of its 
distance from the centre of su^MOsion, and the svm of 
all such momenta may consequently be obtained; also, 
the momentum wi^ which a paitkde placed at the 
centre of oscillation resists the action of igmvify.. 

Then, in order that the angular velocities of the 
vibrating system, and of the particle in the centrd of 
osdllatidn may be equal, the ratios of the. actiona of 
gravity to the resistance, must be the same in both 
cases; and by making a proportion of the four terms, 
the imkBown quantity, which is the distance of the 
centre of oscillationi from the point of suspension, 
may be found. The result is, that the place ef the 
centre of osoiUatibn in any body is coincident with 
the eeutre of percussion, except in certain cases of rare 
oocuirence. > 

If the Q^tre of oscillation in any vibrating body be 
made the point of suspension, that which wi» before 
the point of suspension becomes now the centre of 
oscillation. .^ . ' 

In a ri^t line or slender rod suspended from one of 
its extreniHies, the distance of the centre of oseiUatibn, 
or of percussioh from, the point of suspension^, is eq^al 
to f of lihe length; of the^ rod,^n am itoe^siS^ Azosd^^ 
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yibiatiog about a line paraUel to its base, and pasBsng 
through its vertex, it is equal to } of the lei^fth of a 
perpendicular let fall from the Yertex upon the base, 
— in a slender pyramid or cone suspended firora its 
Tertex, it is equal to I of the perpendicular height,-^ 
and in a cirde attached by a slender rod or string 
to tbe point of suspension, and vibrating in its own 
plane, tbe distance of the centre of osciUation firom 
the point of suspension, is equal to the sum of the 
distance £rom the point of suspenaon to the centre 
of tbe circle, and of the quotient arising from the 
square of the radius divided by twice that distance. 
It has been proved, that the distance of the centre 
of gravity from the centre of oscillation, or percusdoo, 
is inversely proportional to tbe distance of the centre 
of gravity from the point of suspension. Therefore, 
knowing the positions of the centre of gravity and 
oscillation in any vibrating body, (as a right line), 
and having found tbe centre of gravity of any given 
body, mechanically or otherwise, tbe centre of oscil- 
lation, or percussion of this latter body can be found 
by simple proportion. Or, find a simple pendulom 
which shall perform its vibrations in the same time 
that the given pendulous body performs its vibra- 
tions ; tbe length of the simple pendulum is equal 
to tbe required distance of the centre of oscillation 
£rom tbe point of suspension. Or, lastly, the place 
of tbe centre of oscillation may be found by the law 
of tbe vibration of pendulums, taking for datum 
that a simple pendulum 39^ inches long performs 
one vibration in a second time. 

Pace. — Metuure^ — League, 

Tbe pace, as a measure is of- no determinate 
length, though most military writers employ it as a 
scale of comparison. In France and England it is 
considered equal lo V«o i^e\. «^3l Yoshes^ and seventy 



PAB. 

paces of a horse are considered equal to one bun- 
dled common paces. In Germany and among most 
of the northern powers, it is considered to be eoual 
to two-tenths or a Rhinland Rood, or 3*4792 En- 
glish feet. 

Park. — Camp^ — Reamnoitenntt, 

Artillery should always, if possible, be parked in 
situations iu which it is not likely to interrupt the 
communications of the other troops. The form of 
the park must depend upon its situation ; ten feet, 
in front, are usually allowed for each carriage and 
its intenral, and about fifty feet in depth, from the 
axle-tree of the gun limber to that of the body of 
the ammunition waggon. The distance, howcYcr, 
between the line of guns, and that of their waggons 
must depend upon the numb^ of horses attached 
to each carriage, and should allow sufficient apace 
for putting them to, and at the same time for a firee 
passage along the front In parks, not on immediate 
senrice, it is customary to arrange the guns with 
their muzzles to the firont; but if the guns are 
likely to be wanted at a short notice, appearances 
must not be studied, and the carriages lUiould be 
parked with their shahs to the front, r^y to receiye 
the horses to them. 

The quarter guard is posted in ficont of the park, 
and the non-commissioned officers' and gunners' 
UsaXs on the flanks, at about twenty paces distance : 
at forty paoes, to the rear, the subalterns', and at 
ten more the captains' tents are pitched. The tent 
of the commanding officer is pitched dt twenty 
paces in rear of the captains', and the mess tent, at 
fifteen paces in rear of the commanding officer's. 
At a convenient distance in rear of the whole, the 
horses are picketed, in one or more lines, with, the 
- drirers on their flanks. 
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I f tbe depth of the groand, or other circamstuiQes, 
will not admit of Uiis arrangement, the hones 
should be picketed in lines perpendicnlar to tiie 
front between the non-oommissioned ofteer^ and 
gunners' tents, and the carriages. 

Pen du lu m . — Gravity^r-Gwn^Mrif^ — Motimi, 

Pendulums are applied to a variety of purposes. 
In the practice of gunnery, to ascertain the time of 
flight, Uie requisite length of fhze and the extent of 
the range, or distance of a hostile battery. Robins 
employed it to determine the Telocity of a sbot's 
motion in the atmosphere, and Moore to detenauoe 
the strength of rocket composition. 

On the Vibration of Pendulums. 

It is proved by dynamics, that a body, descending 
down an inclined plane by the force of gravity, 
acquires the same velocity as by descending verti- 
cally down a space equal to the height of the plane; 
and the same is proved of a body descending down 
any system of inclined planes, or down iht concave 
surface of any arc of a curve. And the motion of a 
pendulous body about its point of suspension being 
identical with that of a body rolling down the con- 
cave side of a circular are, the radius of which is 
equal to the distance of the pendulous body from 
the point of suspension, it follows that such a body 
will acquire the same velocity, in the lowest point 
of the curve it describes, that it would have ac- 

Suired by falling vertically through a space equal to 
tie versed sine of half the arc of vibration. 
If, therefore, two pendulums describe equal ang:a- 
lar spaces about the point of suspension, their veloci- 
ties, in the lowest point of the arcs they describe, vrill, 
by the laws of acce\eiaX«d.iec^a\mear motion, be pro- 
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portiwial to the square roots of the versed sines of the 
arcs. Or, the ares being liiniilar, the versed sines are 
proportional to the arcs or to their radii. Therefore, 
the velocities of the pendulous bodies, in the lowest 
points of the curves, are proportional to the squan 
roots of the lengths of the pendulums. Or the velocity 
acquired by desoending down a vertical line, being 
{NToportional to the time of desc^it, the time of a vi- 
bration will be proportional to the square root of die 
lengUi of the pendulum, or the lengtlis of pendulams 
are proportional to the squares of the times of vibration* 
The length of a pendulum is to be estimated by the 
distance of its centre of oscillation horn the point of 
suspension. 

The experiments of Captain Sabine exhibit the 
following as the length of the pendulum vibratise 
seconds at each of the nndermentioned places and 
latitudes. 

At the Equator.. 0'' 0' 390M20 Inohes. 

Trinidad ....W 38' North 39-02211 do. 

Jamaica 17° 56' do. 3903440 do 

New York ....40'» 42' do. 39-10133 do. 

London 51** 31' do. 39-13926 do. 

Unst 60» 45' do. 89-16934 do. 

Hammerfe8t..70'» 4' do. 39-19546 do. 

SintEbargen..79<* 50' do. 39-21134 do. 

On TBS BaLUSTIC PsNOOLOlf. 

The ballistic pendulum is a block of wood attached 
to one extremity of a rigid bar, and capable of vibratr 
ing about a horizontal axis at the other extremity. 
A ^ear projects downwards from the lowest part of 
the blocK, and moves, during the vibration, in a ^oove 
funned in a circular arc, the centre of which is in the 
axis of vibration. This groove is filled with a comi^ 
sxtion of wax and soap ; and a maxV) inaAft \>i ^^ 
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extremity of tbe spear on the snrfiiee of the compos- 
ticm* shews the extent of the yibration. 

The block being made to Tibrate by the impact of 
a shot discharged against it, the yelcicity with which 
the shot strikes the block may be determined in tlie 
following manner. 

Let the centres of gravity, oscillation, and griatkm 
of the pendulum be found ; and, by the rules of dynt- 
mics, reduce the mass or weight of the pendulum to 
that which, if it were collected in the point of impact 
of Uie sho^ would receive the same angular vekicitj 
ttom the force of impact which the given penduluiD 
would receive, if its mass were accumulated in the 
centre of gyration. Then, because the shot is sap- 
posed to remun in the block after impact, the mass of 
the former is to be added to this reduced mass of the 
pendulum, in order to express the whole mass moved 
by tbe impact of the shot. Now the momentum of 
the shot is equal to its mass, or weight, multiplied by 
the velocity it obtains from the force of the powder. 
Therefore, by the laws of the collision of non-elastic 
bodies, the momentum of the shot, divided bv tbe 
whole mass moved, gives an expression for tbe velocity 
of the block after impact, estimated at the point where 
the shot strikes it. 

But, from the arc described by the point of tbe spear, 
the corresponding arc, describea by tne centre of oscil- 
lation of the block and ball together, may be found. 
And, by the laws of vibrations of simple pendulums, 
we can, from thence, find the velocity of the centre of 
oscillation at the lowest point of the arc ; and, from 
that, by proportion, the velocity of the point of im- 
pact, at the moment tbe block was struck by the shot. 
This is equal to the former expression for its velocitr; 
and, from the equation thence arising, we obtain m 
unknown quantity, which is the velocity of the ball. 

With the same ^n^uVom, wi\ \!Bfc «iQ.me weight 
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of ball, the velocity of the latter is directly propor- 
tional to the versed sine, or to the chord of the arc 
described by the centre of oscillation of the pen- 
dnlum. 

The ballistic pendulum is also employed to ascer- 
tain the strength of the composition of a rocket, by 
attaching the latter to the face of the pendulum, 
perpendicularly to the vertical axis, and in the plane 
of motion ; and observing the angle which the axis 
of the pendulum makes with a vertical line at the 
instant the rocket ceases to bum. 

Penetration. — Charge^ — Fortification. 

If a shot be discharged against any material, 
such as timber or earth, it will penetrate to a certain 
depth, before the resistance of Uie material stops its 
motion ; and, from the theory of forces, Dr. Hutton 
ffives the following equation between the resisting 
force of the materisu, the velocity of the shot, and the 

V* 

depth penetrated ;— /= -g — ; where /= the resist- 

ing force, < = the penetration, in feet, and g ^s 16 
feet; and, from a mean of several experiments on the 
resistance of elm timber, he makes/ = 17,000 times 
the force of gravity, for that material. Dr. Hutton 
also shews tnat oak resists more than elm, in the 
ratio of 19 to 17, or that for oak, f = 19,000 and that 
elm resists more than earth, in tne ratio of 7^ to 1, or 
that, for earth,/=: 2320 nearly. Again he shews that 

d, D. !?• 

the depth of penetration is proportional to — y — 

where d = density of the ball, D = its diameter, « si: 
the velocity of the shot, and /= the force of re- 
sistance. 

To produce the greatest damage to any splinter- 
ing object, as oak, by a shot fired against it, 'uie^oX 
fired diould lose all lootton just as it c«aaM V» >^ 
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lesifted by the object, which happens vrbea the diot 
has forced its first hemisphere out of the farther 
. sur£Ace of the object. And the charge aeceasuT 
to produce the greatest effect when a shot is fired 
against such object, the side of a ship, for exaknple, 

may be found by the formula, C = '046 ^ » 

where C = the charge, ir= the weigfat of the Ml, 
both in pounds, iS* = the thickness of the side of the 
ship, and D = the diameter of the shot, both hi the 
Fame denomination. 

If the shot is required to pierce both sides of the 
ship, and the neatest damage is to take place on 
the farthest side, make S^ in the above equation, 
equal to double the thickness of the side, and find 
the charge accordingly. This, Mr. Moore thinb, 
would be the most advantageous practice, on ac- 
count of the chance of the ball striking the nust 
of the ship. 

Mr. Moore, from data afforded by experiment, ob- 
tains the following formula to determine the charge 
necessary to enable a shot of given weight and dia- 
meter just to penetrate through a bank of dry earth, 
the thickness of which is also given, C = -01012 
S . W 
—g — ; where S = the thickness of the bank, and 

D = the diameter of the shot, both in the same 
denomination; C=the charge, and PF'= the weight 
of the ball, which will also be both of the same 
denomination. 

PsacDssioN. — PendtUum^ — Oscillation. 

If a body or system of bodies either vibrate or 
revolve about an axis or point of suspension, and 
meet an immoveable object in a point so situated 
that, after impact, the body or system becomes qoi- 
esc^Qt, or has no tAn^eti^^ \a \»xik «.\Kiut the point 
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of impact, that point is the centre of percussion. 
The determioation of this point depeniis on the 
sum of the momenta of all the points above it, being 
equal to the sum of all below it. Imagine a line to 
be drawn from the point of suspension, through the 
centre of percussion, then the momentum of one of 
the points or bodies will be expressed by its mass 
multiplied into its distance from the point of sus- 
pension, and its momentary effect will be in the 
direction of a tangent to the circle it describes about 
the point of suspension. This momentum being 
estimated by the resolution of forces, in a direction 
perpendicular to the line joining the points of sus- 
pension and percussion, and multiplied into the 
distance of its point of application from the latter 
(which point of application is where the tangent 
meets the said line), will express the effect to tuni 
the system about the centre of percussion. In the 
same manner the actions of all the other points or 
bodies in the system may be found ; and, as the 
whole system is to be quiescent after impact, the 
sum of all these actions must be made equal to 
zero. And, from the equation thence resulting, 
the unknown quantity, which is the distance from 
the point of suspension, to that of percussion, may 
be found. 

Petard, — Artillery^ — Breach. 

In 1826, an experiment was made at Woolwich 
with a Petard charged with nine pounds, and a 
Leathern Bag, containing fifty pounds of powder, 
to ascertain their relative values in forcing open 
gates and barriers. The fixing of the Petard occu- 
pied six men nearly twenty minutes, and, when 
exploded, entirely failed in forcing open the gates. 
The Leathern Bag was fixed by two men in &v« 
minutes, and forced the gates coni][Aele\^ o^xi. 
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On the Buoyancy of Pontoons. 

If a body float in a fluid, it displaces just as mudi 
of the fluid, as is equal in weight to Uie weight of 
the body. Hence, if the weight of a body immeised, 
or partly immersed in a fluid, be deducted from the 
weight of the fluid displaced, the remainder will evi- 
dently be the buoyancy of that particular body, or, the 
greatest weight that it will sustain without sinking. 

1. Given the Bulk of Water displaced hy a Pontow 
to find its Weight. 

Multiply the bulk of water displaced, in cubic feet, 
by its specific gravity, and the product will be the 
weight of the pontoon, in ounces. 

The quantity of water displaced by a pontoon belag 
16*96 cubic feet, required its weight! 

Here, (16-96 x 1000) A 16=1060 lbs. 

2. Given the Weight and Dimensions of a Pontow 
to find its Buoyancy. 

Multiply the content or bulk of the pontoon in cubic 
feet, by the specific gravity of water, and that product, 
minus the weight of the pontoon, will be the buoyancy 
required, in ounces. 

The breadth and depth of a pontoon being respectively 
4*75, and 2*25 feet, its length at top 21 '5, and at bottom 
17' 167 feet, and its weight 1060 lbs., required the greatest 
weight that it will support without sinking ? 

Here, ( (206-6268 x 1000) -r 16 )— 1060=ll,854a761bs. 

Experience teaches that, with open boats, the highest 
water-line should be fixed at least 9 inches beneath tiieir 
gunwales. Required therefore under these circumstances, 
the greatest load that a boat of the aboye description wiU 
support, its own weight included f 

Here, V\3a*5«9\^x\W»"i^\«»-«Sifc«^S&». 
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PouTFi RES. — Composition. 

In driving portfires, four drifts are required, each 
•426 of an inch in diameter, and 17*8 ; 12*6 ; 7*5, 
and 4*2 inches respectively in length. The mallet 
should weiffh ahout 1 pound 10 ounces, and the 
ladle should contain 1 drachm of composition. 

Implements required,— 



Mixing Tables. 


Composition Boxes 


Hur Sieves. 


Moulds. 


Rolling Tables. 


Mallets. 


„ Boards. 


Drifts. 


Formers. 


Ladles. 


Guages. 


Slices. 


Knives. 


Scissors. 



The paper for the cases is cut into rectangles 
each nineteen inches long, by ahout ten and a half 
broad, according to its quality. Each portfire, when 
completed is sixteen inches and a quarter in lengUi, 
and usually bums from twelve to fifteen minutes. 

Blasting portfires are made 2 feet long on a for- 
mer tapering from *3 to 12 of an inch, in diameter, 
and are filled with the following composition, — 

Mealed Powder 8 lbs. 

Pulverized Saltpetre 7 „ 

Coarse Sulphur 2 „ 

These ingredients must be thoroughly incorpo- 
rated and carefully cammed — ^not driven — ^into the 
cases, or the portnre will explode on being fired, 
and endanger the life of the man by whom the 
match is applied. The ohject of making the cases of 
these portfires smaller at one end than at the odier, 
is that, sldnld the shaft of the mine exceed two feet 
in depth, the length of the train may be extended 
in the same proportlou by joining two or more of 
them together. 
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Pboof. — CSorge, — Diepgrt, — G^tu, — Canwaotb. 
OrdnaDce of everf descriptioD nndetgoes vuisiis 
kinds of proof before it is leccived into Het M(- 
jesty's seirice. Each gaa, honitzer, mortal, uwt 
carroDade is guaged to aBeertain the accamcj <i( 
its seTeral dimensioDs, internal and estemal, the 
ooincideace of the axes of the bore and metal, i^ 
the position of its cbambei, vent, and trunsioiiB. It 
is then fired with an ettablidied cbargo, ^ gim 
nuniber of limn, and searched »fter each roimd u 
to the effect of die firing. EndeKTonra are neit 
made, b; means of an engine, to force water dtroogh 
an; flaws oi creTiseE that ma; exist in the bete, ud 
flnall;, it is examined intemallj by )i|ht nAeeuJ 
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of the bove of an l^-pouAder, or of an; iron gun of a higher 
calibre^ vairy *033 of an ioch fix>m, its iNcesoribed dimensions, 
or if the- axis of the here; of wwh a gcin deriate 6om. its 
true; position inoi>er thayi. *l^5 of aik ii|cb, it is condemiMed. 
In like max^ler, if any other iron gun. vary in the diameter 
of its bore *03d of an inch from its trae dimensions, or if 
the axis of its bore deviajte more than *3d4 of an inch from 
it3 trae position, it is rejected. If a brass gun vary in the 
diameter of itis bore more than '026 of an inch from its 
true calibre, or deviate in any other respect more than *2 
of an inch from its true dimensions, it is condemned. 
Every description of iron guns, Is fbred twice with the 
estahlitbed charge, ooois shot, and two high jujtk wads. 
Brass guns, from a 12 W a hea^y 6»ponnd^ are also, fired 
twice, and tl^ otheifs three times. If, after any of these 
firings, a cavii;y or We *2 of an inch iu depth, be disco- 
vered in the bore of an iron gun, behind the first reinforce 
ring or '25 oC an. inch in depth, in front of that ring, or 
if, in the bore of a bi^ass ^fun, a cavity or hole be disco- 
vered *15 of an inch in depth upwards or sideways, or *] 
of an inch In depth downwards, between the breech and 
first reinforce ring, or 2 of an inch in depth upwards, or 
sideways, or * 15 of an inch in deptb downwards in front of 
that ling, the gun is condemned. 

Mortars and howitzers mnst in no respect deviate exter- 
nally from their true dimensions more than *1 of an inch in 
the 10 and 8-inch howitzers, nor more than *05 of an inch 
ia the 24 and 12-pounder howiteers, and the 5^ and 4| 
inch ^ortars. The bores and chambere of mortars and 
^widg^n must, in no case, deviate nuwe tlian *035 of an 
inch from their true, diameters, and posijtiona^ 

Br^ mortars ai^ howitzers ave ^red twit^e witii an ifon 
she]^ and the phaviher fhU of powdepTj-^tihe mortaiv on 
their beds^ at an elevatioxx of about 75 degree^, — the how- 
itzers on their carriages at about 1 2 degrees elevation. Iron 
mortars are proved with the chamber full of powder, and an 
iron shot equal in diameter to the diameter of their re- 
spective shells. 

If after either ot these firings, a cavity or Viole *\ ol 
an inch in depth, be disoovered Ib the okaxoLVKnr, ot *\5 
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of an inch in depth in the chAie of a hnaa mortar or 
howitzer, it is rejected, and a cavity or hole * 15 of an 
inch in depth in the chamber, or *2 of an inch in tho oha» 
of a 10 or 8-inch howitzer, is sufficient to condemn it 

The bores and chambers of carronades must not deviate 
more than *05 of an inch from their true dimensions and 
positionR. Carronades are fired twice with one shot and 
wad, and if a cavity or hole *2 of an inch in depth in 
the bore, or '1 of an inch in depth in the chamber be 
discovered, they are condemned. 

Having undergone these several proofs, and the 
subsequent searcbings, each gun, howitzer, and car- 
ronade is separately subjected to the water proofs 
The hose of the engine is, for this pnrpose, fitted 
and secured to its muzzle, the vent being at the suae 
time hermetically sealed by a plug, and two or three 
efforts are made to force the water through the metal 
It is then left to dry, and shortly afterwards, gene- 
rally the next day, examined by the mirror. Should 
there be any flaws or crevises in the bore which may 
have escaped discovery by the former proofs, their 
existence will be readily detected by this, as the 
water will continue to weep or flow from defects of 
this description long after tne solid parts of the bore 
become perfectly dry. 

If a gun, mortar, howitzer, or carronade, be con- 
demned as unserviceable on any of the foregoing 
grounds, it is marked with a cross, to which one of 
the letters, D^S, or W, is annexed, — the letter D sig- 
nifying that it is defective in its dimensions, — o, 
that its defects have been discovered by the searcher, 
— PF,that they were discovered by the forcing engine. 

K£CON NOiTERi NO . — Artillery, — Bridge, — Jifeasure. 
Reconnaissances are either general or specitl. 
General, when the object is to acquire, usually by 
a studious and c^xe^xxV e^^immatLon of the map, a^ 
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comprehensive knowledge of the country in which the 
army is to operate. Special, when the information 
required is of a more detailed description, dr has 
reference to a particular district or operation, — in- 
formation which can be acquired only by a minute 
personal examination of the ground itself. 

It seldom happens that the information afforded by 
the ordinary map of a country, how accurate soever 
it may be in other respects, is other than of the most 
genend description. The more prominent features of 
the ground, its natural and political divisions, the 
relative positions of the towns and larger villages, the 
directions of the main roads, and the courses of the 
rivers and more considerable streams, are alone de- 
lineated on such a map, and usually comprise the 
whole of the information to be acquired by its study. 
Hence the necessity of a special reconnaissance or 
examination of each of the several districts into which 
the country is divided, as the only means of supplying 
the deficiencies of such a map, or of acquiring fuller 
and more detailed information, on such of the fol- 
lowing points as may be applicable in each particular 
case. 

1. Description of the Ground, its Cultivation, and 
Produce. 

What parts of the gronnd are moantainons or hilly, and 
what level. Whether the hills are steep, broken by rocks, 
or whether they rise by gradual and easy slopes, or if the 
ground is undulated in gentle swells. Whether the con- 
nexion of the high ground is obvious and continued, or if 
the heights appear detached from each other. In what 
directions the ridges run, and which is their steepest side. 
The nature and extent of the valleys, and of the ravines, 
where they originate, in what direction they run, and 
whether they ai*e difficult of access or to be easily passed. 

Whether the country is barren or cultivated, and the 
kind of cultivation, whether vines, olive%, ot ciQicn\ «3Q^V^ 



tbe Uttar» vhat dsscriptions of it are growgig vaA in utet 
part U it most abundant If it be a countsj of paatunige, 
whether it. is pastorod by cattle, sbe^, or hoiaea, and is 
what numbers. WhaJk parts of the. countrj are open, and 
what enclosed. Whether the enclosurea are smul or ei:- 
tensiye, and whether formed by stone waUsi ditQbe8,.hed9M) 
or fences of any other Mnd. What parts are wooded, and 
whether with grown timber, or coppice, and with what 
species of trees. The nature of the scdl, and of the coonby 
generally with reference to the operatiens ef the traops," 
distiBgoiahing those parts whicb are flurorable fbr the 
acting of oaraliy and arlillety from those tot ioiSuitry only. 

2. Ri?ers» Canals, Bxidges, and Ferries, 

The aoofces ol ih» rivers, and tbe directisa of their 
currents, whiether the?^ are rapid or otherwise; tbeic bftadch 
and depth, and to what Tariationa they are sulgecli, at the 
different seasons of the year; the nature of their channek 
and banlcs, whether rocky, gravelly, sandy, or muddy ; of 
ea&y or of difficult access. WheUier they are. rxavigahle, 
from and to what points, and by what description of vessels 
or boats. The bridges across them, whether of stone or 
wood, their length and breadth, and whether aixsessible to 
artillery, and capable of supporting its weight. The fords; 
with similar remarks, and whether they are always pass- 
able, or only at certain times and seasons. The breadth of 
the ferries, and the nature ot the landing places on each 
side ; what description of boats are used upon them ; how 
many men, horses, or carriages each boat is capabid of 
passing over at each crossing; what time the passage 
occupies, and in what manner it is peribrmed. 

I^ course, breadth and depth o{ caAtJa, the nature of 
the traffic carried on upon them, the number of boats osoallT 
to be found at the different stations. The nature, dimen- 
sions, and buoyancy of the boats, and whether they aie 
taracked by men or horses, or how otherwise navigated. 

The situation, extent, and boundaries of lakes, or inteti 
of the sea, what description of vessels can navigate them, 
with such of the above observation& as are applicable to 
them* Tbe sltuat^ou and extAu^b of marshes, whether thev 
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are paaaable for troops in aay ftai. Mid vfaeliier ihey coo- 
thiiie ihrooghoat the year, or exist only in tbe wet mmoh. 

3. Towns and Vi]lage8» PopuJationy Chuiclies, and 
Convents. 

The rise of ttie towns and villa^et, and the nnmber of 
thdr inhabitants, whether tfaej are well supplied wHh 
prot i iions or not. The namber oi houses, ehnrohes, eon- 
TCDts, or other public boildingB. Whether the boases are 
commodioiis, or smaU and mean. What number of troope 
oonld be aecommodated in the pri^raite hooses, and what In 
the pnblic buildings. What stabling, or otiber corering 
Aere is for horses, whether the town is open, or walled, and 
fevoorably situated for defence or otherwise. If it is capa- 
ble of being streingtbened, and by what means, with similar 
obaerratioiis in regaid to convents, gentlemen's seals 
farms, or other detached buildings. Flam or sketohes 
of walled towns, detensible Tillages, and detached build- 
ings should always accompany the reports upon them. 
The number of carriages, hcnses, mules, and draught 
oxen, in the possession of ea^ farm or -village, should be 
stated, together with the general means of oonreyance made 
nse of in the countiy. Whether the place is unhealthy, or 
not ; if It is, wliether there is any obrious local cause, and 
whether it is in general unhealthy, or only so at particular 
seasons. 

4. Roads, Bridges, Ferries, and Fords. 

The general nature of each road, as also all the ▼aria- 
tions which occur in It from distance to distance should be 
accurately described. Whether the road has been regularly 
made, or appears to have been ibnned only by the use of 
the people of the country. Whether ft is fit ibr aittneiy, 
or practicable for any other desoription of whed carriages, 
for cavalry, or for inflmtry only, over what description of 
soil It passes, whether rocky, gniy^, sandy, clayey, or 
earthy, and to what injuries it is liable in bad weather. 
Whether it is easily reparable or not, what Idnd of mate- 
rials are required for that purpose, and wliether they are to 
be found in the vicinity. Whether bad piste f]& ^te vMj^^^ 
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or narrow and embairaBsed streets, if any of the towns ani 
villages throngfa which it passes can be avoided by going 
oat of it for a short distance. Whether any great improre- 
ment can be made in the general direction of the road by 
adopting a new line altogether for a considerable distance, 
and what work is necessary in either of these cases. Fftr- 
ticolar attention should be paid to the diffsrent ascents and 
descents of the road, whether they are gradual and easy, or 
abrupt, rugged, and stony, having short turns, or odwr 
difficulties. Whether the road is wide enough in those 
parts which run along the sides of hills, and whether it it 
even, or canted off the level, so as to be unsafe for carritq^ 
In those parts where the road passes between walls, or 
where it forms a hollow way between banks of earth, rocks, 
or other obstacles, its breadth ought to be measured, and it 
should be stated whether it can be widened or the obstacles 
removed which confine it. 

The ferries, bridges, and fords met with upon the road 
should be particularly described. The possibility of ob- 
structing, or breaking up the road so as to prevent its being 
used by tiie enemy, or of destroying the bridges and fords 
upon it should also be stated, and the means of obtaining 
these objects should be pointed out, as likewise the time 
and labour requisite for such a work. The distances of the 
places along the road from each other should be given both 
in the measures of the country, and in English miles, 
averaged as accurately as possible. The time required to 
travel the different distances, at the ordinary wsUk of a 
horse, or of a man should also be stated, the names of the 
places to the right and left near the road, and at what 
points the communications strike off, with the distance of 
each place from the main road. Care must be taken that 
the names of the towns, villages, rivers, and. all other objects 
be spelt in the same manner as by the natives of the 
country, and when the spelling and pronunciation differ 
very much, the names should also be written (in paren> 
thesis) as they are pronounced. 

5. Camps, Passes, Posts, and Positions. 

Every strong pass, post, or more extensive position 
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which presents itself either upon a line of road, or in any 
other sitaatlon, as also all passes favorable for encamp- 
ing or biYuacing..tcoops joither with a view to a position, 
or to convenience upon a march, should be particularly 
described. Their situation, extent, facility of access, na- 
ture of the soil, supply of water at all seasons, quantity 
and Mnds of wood, whether in suiPOicient abundance for 
hutting the troops, or only for furnishing fuel. A sketch 
of the ground, upon a pretty large scale should always 
accompany these reports. 

Advantage should he taken of evei^ opportunity 
that presents itself to verify and extend all such in- 
formation as may be ohtained upon the points ahove- 
mentioned^ and whatever new information may be 
acquired, should, without loss of time, be reduced to 
writing, and put into such a shape that it may be 
ready the instant it is called for. 

Sketches of positions should never be made on a 
less scale than four inches to an English mile; more 
general sketches may be made up on a scale of two 
inches to a mile, and tracings of roads upon a scale 
of one inch to a mile. 

In all reports, care should be taken to state dis- 
tinctly what parts of the information they contain 
has been acquired by personal examination of the 
objects to which they relate, and what upon the 
authority of others; and, in this latter case, the 
source of the information should be mentioned that 
an opinion may be formed of the degree of credit to 
which it is entitled. 

Resins. — Composition. 

Re^ns are vegetable substances, solid and brittle, 
with a slight scent and taste. They are non-con- 
ductors of electricity, and, in their natural state, not 
chrystillizable ; soluble in alcohol, insoluble in water. 
Inflammable, burning with much smok^^ «tSi<i^ qtcl 
that account, employed in laboiatOTy coTa^o^vV^orci^. 
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Ri coc BET. — Battery, — CtMnnv. 
Bloocbet R«o6ee,iritli ewt§. Son 
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Observations or Eicochst Firin4&. 

Iticocliet firing is not restricted to aigr jiarticular 
species or nature of ordnanee, neitlier is it restdcted 
lo a |)articfLlar ckarge or elevation. Hie ckarge and 
elevation voiKy with the range, the position, and elas- 
iicl^j of the reflecting plane, or plane on which it is 
intended the shot shsJl first impinge, the differeBce of 
level of the hatter^ and hostile olject, and the distance 
in rear of Aia't ol)ject at which it is desired the shot 
shall be delivered. 

In the field, or in ^firing ftt an OBeoDiy's troops the 
diafrge is iisvftiljr f c^^anked as a fixed qoastit^, — the 
elevation alone "bcuig varied. A^/Hth ^gmis, this icaria- 
tion seldom exceeds three degrees, — with hofdteers, 
the initial veloctt^etf the pso^ctile ibeing omsiAerMy 
lesa, tlie ^evtition is not restiicted <to that limit. If a 
shot be &Fed, wtth the «er^ce chacge, under a greater 
angle thanthvee or Icmr degiees, Joui tlie gvonnd on 
which it is to ricochet ibe of more liiaa lovdinary ten«^ 
city^ it will be apt <to bound owr the heads of t^ 
troops or oUiher olijeot &red ^ and •thus efEectuallv 
delra^ its intended pfuufkeee. It isialso to be observed, 
that the less -the dewtion oi^eigaxky and conseqaently 
the smaller die angle under wtack a ehot is denpeved 
or made io ricocmt, Ihe looger wiU it pieserve its 
force, and have 'effect. 

In the rioeohet of an >enemy'4s^eik, the charge and 
elevation must be such that the shot, when it has 
passed the crest ef the .hostile parapet, shaJl have 
described a consid^aratble portioa of the descoiding 
branch of its trajeotory, And if the work and battery 
be on the same level or .neaily so, the angle of ele* 
vation or projection shoold itot exceed nine -degvees. 
I-fy on the cotitrary, the positijon of the work >be>0((msi- 
abfy elevated above that of the battery, and ihe 
elevation of the gun be unchanged, tihfik^kk%VpX>a»C^ 
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velocity of the projectile must be small in proportion, 
other>»i5e it will still be Id the ascending branch of 
its trajectory after it has passed over tbe hostOe object 
In either case, both the elevation and cbarge must be 
so regulated that the shot shall be delivered under a 
very acute an^le on the terreplein of the work, as 
dose as possible to the foot of the interior slope of 
the defilading parapet, and with sufficient force to 
overdirow every thing it may encounter in its progress 
along the ramparts. 

It would appear, from a series of practice carried on 
at Woolwich in 1821 with various kinds of ordnance 
—of which the preceding table is an abstract — against 
a work on nearly the same level as the battery, tkat, 
with heavy ordnance two^thirds of the shot fired took 
effect on the work at a range of four hundred yards, 
while at a range of six hundred yards, only fnnn 
two to three-fifths took effect ; and that, at a range of 
eight hundred yards, three-fifths of the ammunitioD 
expended was uselessly thrown away. It also appears 
that of one hundred and seventy shells fired, fifty 
took effect, though only thirty-three of that number 
burst in the work, in consequence of the fuzes baring 
been cut longer than usual, that the shells migbt 
lodge in the traverses previous to their exploding. 

Hence ricochet batteries, to be effective, should, if 
possible, be established at a distance of four hundred, 
and not exceeding six hundred yards, from the place 
agaiust which they are to act, and that g^reater aocu- 
racy in cutting the fuzes is advisable, it would also 
appear, from this practice, that the best angle under 
which to enfilade such a work, is somewhere between 
six and nine degrees measured above the crest of tbe 
parapet — Vide article Elevation — and consequently 
that the charge and initial velocity of the projectile, 
should be regulated in accordance with these prac- 
tfcttlly-ascertained iacx&. 
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Rockets. — Compatition. 

General Table of Signal Rockets. 



IMPLEMENTS, etc. 



Rockets. 



a 
a 

o 



Cases, etc. 
Body,— 

Diameter, Exterior . . . . 

Interior . . . . 

Vent , 

Length 

Heading,— 

Cylinder, Diameter . 
Length .. 
Cone, Diameter . . . . 

Length 

Stick,— 

Length , 

Thickness, Large End . 
Breadth „ „ . 
Square, Small 



•178 

•128 

•046 

1-331 

•237 
•35a 
•237 
•355 

10-334 
•094 
•084 
•044 

Distance of the Poize ftom vertex of the cone .... 2-750 



M 



Implements, etc. 
Drilts,»- 

Diameter 

Length 1 Hollow ■ . 

2 » 

3 „ 

4Solid 

Spiadle,— 

Length 

Diameter, at the Point ^. 

Base 



>» »» 



Choke Goage, Length 

Ladle,— 

Length 

Diameter 

Content « Drs. 



•834 
•584 

•045 
•125 



•266 
•128 



o 

tk 



'9 

a 

I 



•141 

•102 

•036 

1*066 

-187 
•283 
•187 
•283 

8^167 
•060 
•067 
•031 

2^084 



•127 -101 
l-335,r084 
1-167 1-000 



•834 
•500 

^403 
•012 
•035 

•104 



•120 
•080 

4 



•211 

•101 

5 



•112 
•080 
•028 
•837 

•149 
•224 
•149 
•224 

6^500 
•042 
•058 
•021 

1^875 



•079 
•W7 
•834 
•667 
•417 

•881 
•009 
•028 

•083 



Mallet, Nature Lbs. 7^2fiOa-6«sa-^»a 

Blows to each ladlefUt of composition .\ ^"V \ ^X^^- 
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Rocket cases are prepared in three separate parts,— 
the body of the case, the cylinder, and the cone. In 
fofmiog Uie bod]^ ike outside piqper i» out into a 
right angled trapezoid, the inside ones into rectan- 
gles — the papers for the cylinders are also cut into 
rectangles, and those for the cones into sectors of 
circles. The base of the right-angled triangle forming 
the sloped side, of the trapezoid is made equal, in 
length, to the circumference of the body of the case, 
and the arc of the sector, to that of the cylinder. 

Each rocket is driven solid above the spindle to the 
extent of an external diameter of the case, and over 
that one-fifth of a diameter is driven with dry clay. 

Implements required. 



Mixing Tables. 
Compositiou Boxes. 
Hair Sieves. 


Cotters. 
Knives. 
Sdssora. 


Rolling Tables. 
„ Boards. 


Moulds. 
Mallets. 


Formers. 


Drifts. 


Gauges. 

Nipples. 


Ladles. 
Slices. 



The heights to which rockets ascend, and the dis- 
tances at which they may be seen on a clear night in 
a level country, vary in the direct ratio of their dia- 
meters. Rockets of between three and four inches in 
diameter ascend, according to Robins, to heights va- 
rying from 1000 to 1200 yards; while others, of be- 
tween one and two inches in diameter ascend only 
from 450 to 600 yards. It appears also, from some 
experiments which he made ** tne better to determine 
the extent of country through which they could be 
seen," that they were visible at distances varying from 
thirty-five to forty miles, and that their times of 
ascent or flight varied from seven to ten seconds. 
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Materials required to complete 100 of each of the 
undermentioned Rockets. 



Rockets. 



MATERIALS. 




d 

a 
I 

««!« 



Paper, Rocket Quires 

Portfire .. 

White .... 

Light Blue 

Brown „ 

Flour lbs. 

Isinglass 

Glue 

Saltpetre (Pulveiized) . . . 

Sulphur (Sublhned) 

Charcoal (Ground) ... . 
Gunpowder (Mealed) . . , 

Antimony 

White Copperas 

Quilting line, 6-Pounder 
3 

Packthread 

Dutch Twine 

Packing „ 

Paint, Fiiissian Blue 

White Lead... 

Raw Linseed Oil Quarts 

Alcohol „ 

Vinegar , 

Alder Cubic Feet 



» 



>> 
»» 



» 

» 

» 
if 
» 
>» 

w 
>J 
»/ 
1» 
>} 



12-500 

1-834 

-500 

•167 

3-500 

2406 

•500 

160-000 

39-000 

24-000 

17-500 

21-000 

-062 

2-000 

4-600 

•250 
•008 
7-000 
1-500 
6-000 
11-000 
1-000 



6-000 

•375 

•208 

•084 

•125 

3-000 

•491 

•016 

60-000 

12-250 

12^000 

2^625 

4^260 

•031 

1*600 
1750 



•008 
3-000 

•750 
1^375 
2-250 

•500 



3-334 

-167 

-208 

-084 

-125 

2-000 

•469 

•016 

30-000 

7-500 

6-7.50 

1-750 

3-000 

-031 

•438 

1-250 

-063 

*-6o8 

3-000 
-750 
-875 

1-500 
-250 



The proportions of materials given above, the tim- 
ber, usually pine or other soft wood, for the sticks not 
included, are the exact quantities required, no allow- 
ance being made for waste, — the calculation, as re- 
gards the paper, is made on the supposition that it will 
be provided of a fair average quality. J t may therefore 
be necessary, on this item, to demand a further quantity, 
but in no case should this additional supply exceed one 
per cent, on the quantities given in the taAAe. 
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Weight, Dimengions, etc of "SLapeB-^oniimied, 



Makufactxtbb, btc. 



{Machine Made.) 





3^Inch. 


4-lNCB. 


4^1koh. 


5-lNCH. 




(96 Thds.) 


(132 Thds.) 


(168 Thds.) 


(204 Thds.) 


• 

OQ 

a 

o 

a 


•a 


i 




• 


t 


i 


*3 

-a 


• 

u 


< 
in 


•s 


00 


•s 
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4 


- 


2 
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7 
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3 


6 




8 




10 




13 




4 


8 




11 




14 




17 




5 


10 




14 




18 




21 




6 


12 




17 




21 




26 




7 


14 




19 




25 




30 




8 


16 




22 




28 




3!i 




9 


18 




25 




32 




39 




10 


20 




28 




36 




43 




11 


22 




30 




39 




47 




12 


24 




33 




42 




51 




13 


26 




36 




46 




56 




14 


28 




39 




50 




60 




15 


30 




42 




54 




64 




16 


32 




45 




57 




69 




17 


34 




47 




61 




74 




20 


41 




56 




72 




87 




25 


51 




70 




90 




108 




20 


61 


-5,486 


85 


.7,168 


108 


. 9,072 


130 


11,200 


25 


71 




99 




126 




151 




30 


82 




113 




144 




175 




45 


92 




127 




162 




196 




50 


103 




141 




180 




219 




55 


113 




155 




198 




240 




60 


123 




170 




216 




263 




65 


133 




184 




234 




284 




70 


144 




198 




253 




306 




75 


154 




212 




271 




327 




80 


165 




226 




289 




a50 




85 


175 




240 




307 




371 




90 


185 




255 




325 




394 




95 


195 




269 




343 




415 




100 


306 




283 




361 




438 




105 


216 




297 




379 




459 




110 


226 




311 




397 




481 




115 
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325 




415 
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253 
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340 




441^ 
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Weight, DimenAioas, etc. of jBUipes — continued. 
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Mavuvactues, stc (MtickiM Made.) 



(285 ThdB.) 




I 


1 ^ 


2 


10 


:j 


16 


4 


21 


5 


27 


6 


32 


7 


37 


8 


43 


9 


48 


10 


M 


11 


; 69 


12 


1 04 


la 


70 


u 


1 75 


].-> 


: 81 


1(1 


• 86 


17 


J 01 


:iO 


108 


2.0 


135 


30 


162 


a'i 


189 


40 


216 


45 


243 


/vo 


270 


fw 


297 


tiO 


32.i 


•W 


352 


70 


379 


7.-> 


406 


80 


4:j:j 


s.> 


46<> 


i)0 


487 


95 


514 


100 


541 


105 


569 


110 


595 


1J5 


622 


120 


649 


122 ' 


661 



6-Ihc«. 

(S(X)Thd8.) 
. «. — --* 



-13,562 



I 



6i-lN0H. 

(348 Thds.) 



4i 



^ 



t 

a 



7-IllCH. 

(403 Thds.) 



6 

12 

19 

36 

32 

38 

45 

51 

68 

64 

70 

76 

83 

89 

9^ 

102 

109 

129 

161 

193 

225 

258 

290 

322 

354 

387 

419 

451 

48;3 

516 

548 

580 

612 

645 

677 

709 

741 

774 

7&7 



-16,128 



\ 



7 

14 

22 

29 

37 

44 

62 

69 

67 

74 

81 

88 

96 

103 

111 

118 

126 

149 

186 

2^4 

261 

299 

336 

374 

411 

449 

486 

513 

550 

598 

635 

673 

710 

748 

785 

822 

859 

«a7 



1-18,998 






t 

c 



8 

17 

26 

36 

43 

52 

01 

70 

79 

87 

96 

104 

113 

122 

13U 

139 

148 

175 

21 « 

263 

306 

351 

394 

438 

481 

526 

669 

614 

657 

702 

745 

790 

833 

877 

920 

964 

1007 

10*2 
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Saltpetre. — Compointum,*--^urtpow3iBr, 

A comhinadoB of iki^c acid wiih a fixed alkali, 
known also as nitre, nr mtmte of potash. It is 
an abundant natnral product of the East Indies, 
whence that used in this country is procured. In 
France and Germany, it is produced artificially by 
lixiviating old plaster rul)bish. it is also extracted 
from putrified animal and yegetable substances 
mixed with calcareous earths. Animal substances, 
without the addition of earth, are likewise said to 
yield saltpetre by putrefaction. The properties of 
this salt, when it is thoroughly purified and separ- 
ated from all foreign heterogeneous matters are 
invaria}>ly the same, from -what substance so ever 
it may have been originally obtained. 

San d-Baos. — Battery^ — Fortification. 

Weight, Dimenaions, etc. of Sand-Bags. 

(Empty.) (FUled.) 

Length ... 2 Feet 8 Inches. , . .2 Feet 3 Inches 
Breadth.. 1 „ 2 „ ....1 „ „ 
Thickness ....() „ 7 „ 

Sand-bags are packed in ItaSes. Each bale con- 
tains two hundred bags, and weighs on an average 
about 1 cwt. In seme situations, sand-bags are an 
excellent substitute for gabions and fascines. If 
employed in the -construction of an epaulment, the 
number required — supposing &e epaulment to be 
in the form of a prism — ^will be found by moltiplying 
the number in iixe base, or ground tier, by the num- 
ber of tiOEs, ar--'snpposing it to be in the ^ape of the 
firBstum of a pyraimd — by the rule for computing 
the number of t^t in an incomplete pile. If they 
are to be used in reveting a work, the number re- 
quired will be found by multiplying the Tv\x\cXi«t Va. 
the centre covrse by the number oi.co\iX8e&. 



SBBi.i£.—Arliaery,—CaHbrri— Windage. 

Welgbt, DimonBioDS, liic. in Inches, of SheU« fiJt Gnni, 
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Shot. — ATlille7y,~Caiibre,— Windage. 

Dimenaont,, etc. in lacheg, of BoDud Shot, foi Gnus, 
Howiu^n, and CaRonade*. 
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Diameters of English and Foreign Bhot and Shells in 
English Inches. 



ORDNANCE, etc. 



Shot. 

lO-Inch 

68-Poundcr .. 

36 

32 

30 

24 

18 

16 

12 



8 

6 

4 

3 



t 



s 

B 



g 



•»> 
»« 

w 

» 
»> 
>» 
>» 
>» 



SxXLUt. 



13Inch , 

10 „ 

18 „ 

6 „ 

6i„ 

H" 

SOO-Pounder 

150 
100 

60 

50 

36 

32 

30 

24 

20 

18 

16 

12 

10 
9 

7 

6 



»> 
>i 
j» 
i> 
»» 

>> 
»» 
>> 







9-840 
7-925 


• ■ 

• • 


6-i77 


• • 
■ • 


5-611 
5099 


5*653 
51S6 


4-464 

4080 


4-487 

• • 


8-860 


3-662 


2-8i8 


2-826 


12-840 


.. 


9-840 
7-900 


• • 

• • 


5-595 
4-454 

• • 


• • 

• • 

• ■ 


• • 

• • 


11-661 


6-i77 
5-595 


• • 

9-276 

• • 


5-099 


• ■ 

• • 


4-4.54 

4-080 


■ • 

6-4ib 

• • 




\a-'WA 



5-877 

5-i89 
4-662 



3-697 



12-612 

10-658 

8 659 

6-395 









6-664 
6-138 

4-489 



3-663 
2-832 



11 "667 



9-257 



6-425 



• • 


• • 


6-693 


• • 

• • 


6*850 
6-314 


6*736 
6-212 


4^*11 


4-647 


3-'660 


3'608 


2-882 


2-867 



13-879 
12-66r 
11-069 



8-779 11 -29^ 
7-873 



6-661 

6^ 

6-876 

8-126 
4-618 

3«5 
3-ffl6 



l«^>12 
10-658 

6-396 



6-554 

• ■ 

4-991 



6-737 



6-077 



5-861 



4-79i 



\ .. 



DiAHETBKi otEngaiih,ttt.Sbot—ceKtiit»ed. 
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On the Piling of Shot and Shells. 

If the base be either a triangle, or a square, the 
pile will be pyramidal in form, it Will terminate in a 
single shot or shell, and each of its faces will be an 
equilateral triangle, — if a rectangle, the form of the 
pue will be that of a wedge, its end faces will be 
equilateral triangles, and its side ones, trapessoids ; it 
will consequently terminate in a ridge, or row of ^ot 
or shells. 

The number of horizontal courses, or rather the 
number of tiers of shot or shells, in any given pile, is 
equal to the number in the bottom row or base, of its 
triangular face ; and the number in the upper row or 
ridge of a rectangular pile is equal to the number in 
the bottom row or base of the trapezoid plus one, 
minus the number in the base of its triangular end. 
Also the number of shot or shells in the triangular 
face of a pile, is equal to half the number in its base 
row, multiplied by the number in its base row plus 
one, and the number of shot or shells in any complete 
pile is equal to one-third of the product of the number 
in one of its triangular faces, and the sum of its three 
parallel edges. In a rectangular pile, the upper row 
or ridge and the base row of each trapezoid, constitute 
the three parallel edges, — in the square pile, the single 
shot or shell at the top, and the base rows of the two 
opposite triangular faces, and in the triang^ar pile, 
the upper shot or shell, the base row of one of the 
triangular faces, and the single shot or shell at the 
back of the pile, constitute the three parallel edges. 

[f the pile, of which the content is required, be 
incomplete, compute its content by the above rule, 
supposing it to be complete, — compute also the con- 
tent of the upper pile, or part wanting to complete it, 
and the difference of the contents of these two piles, 
will be the content, or number of shot or shells in the 
frustum, ox incom^giVeXft -^NVe. 
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Weight, Dimensions, etc. in Inches of Gnipe.Sbot, for 
Guns and Carronades. 



9 



ORDNANCE. 



o 



Lbs. 



O 

1 

a 
d 



Guns. 

(Canvas.) 

10-In^ Gun 

68-Pounder 

32 „ 

24 

18 „ 

12 „ 

9 » 

6 „ 

CIron Plate.) 

10-Inch Gun 

68-Pounder 

32 „ 

18 „ 

12 , 

9 „ 

6 , 

Carronades. 

(Canvas.) 

68-Pounder , 

42 , 

32 „ 

24 „ 

18 „ 

12 „ 

6 » 

(Tin Case.) 

68-Pounder 

42 „ 

32 „ 

24 , 

18 , 

12 , 

„ 



DiMINSIOKB 


• 


• 


A 1 


K 


Case. 


Bottom. 


O 
P 

a 

m 

O 


• 

a 


• 


m 

Q 


i 
1 



3-00 


15 


3-00 


9 


200 


9 


1-60 


9 


1-00 


9 


•82 


9 


•50 


9 


300 


9 


2-00 


9 


1-50 


9 


100 


9 


•82 


9 


•50 


9 


3-00 


15 


4-00 


9 


3-00 


9 


200 


9 


1-50 


9 


100 


9 


•50 


9 


300 


15 


4-00 


9 


300 


9 


2-00 


9 


1-50 


9 


1-00 


9 


[ -50 


I 9 



24^00|17^00 7-78 
1^801600ft-10 
16-40 14*50 &-54 
14-80 12*13 5^03 
1315 li^OO 4-40 
12-40 10*00 4*00 
10-40 91][3^48 



6^16 
6-56 
506 
4-44 
403 
3-50 



24^00 
20-00 
17-80 
16*40 
14-80 
13-15 
10-40 

24-70 
21-30 
19-22 
17-40 
15-80 
13-90 



17-00 
1710 
16-00 
14-50 
12-12 
11-00 
9-10 

9-20 
9-79 
9-60 
7-80 
6-90 
6-50 



7-78 
6-68 
6-10 
5-54 
5*03 
4-40 
3-48 

7*60 
645 
5-90 
5-30 
4-75 
4-25 



•64 
•55 
•48 
*44 
•38 
*3d 
30 



*41 
•41 
•31 
•28 
•24 
*22 



•64 
•61 
•65 
•48 
•44 
•38 
•30 

1-45 

l-3o 

1-00 

•85 

•80 

75 



3 

4 

6 

8 

IS 

14 

20 



4 

6 

8 

12 

14 

20 



3 
4 

4 

6 

8 

12 

20 



LbT 



50-500 
32-000 
22H)00 
16-W 
11-ftB 
9-62.1 
6-375 



36-370 
25620 
19-S51' 
13-25it 
10-370 
6-37.') 



60-5<ti» 
42i)i> 
36-37.^ 
256*0 

i9-av> 

13-2.X' 
6-37" 
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Observations on Firing Grape and Case-Shot. 

The balls of grape and case-shot aie obserred, ^hen 
discharged from a gun, or other piece of ordnance, to 
tai:e, at first, a diverging direction, and, for a certain 
distance, to form a species of irregular cone, the base 
of which is towards the object fired at, and the vertex 
towards the gun. 

It is impossible, from theory alone, to deminine the 
direction that each individual ball takes ^after the 
case is broken, since the contact of the balls,* and their 
reciprocal pressures at the instant of the discharge, 
and at the commencement of their divei^ence^ are 
unknown. It should therefore be ascertained, as far 
as possible, by experiment. 

The following results have been obtained horn & 
series of experiments conducted with the utmost care 
and attention : — 

1 . The conical figure is preserved to a certain dis- 
tance, after which it is entirely lost. 

2. The distance from the point of formation of the 
cone to that at which it begins to lose the regularity 
of its figure depends upon the size of the balls, and 
the velocity with which they are discharged. 

3. Balls propelled from guns of the ordinary length 
diverge much less than balls of the same weight and 
diameter propelled from shorter guns with the same 
charge. 

4. By encreasing the number of balls in the case, 
the initial velocity and consequent effect of each is 
proportionally diminished. 

5. Balls which are ranged in the case or cylinder, 
in regular order, or in tiers, diverge much less than 
balls put into the cases or cylinders, irregularly or 
haphazard. 



SHO. 

6. Oase*shot fwoduces its greatest efieot, when the 
object fired at, or the enemy's troops are drawn up on 
ground inclined towards the gun. 

7. The use of case-shot should commence at ranges 
not exceeding four hundred yards, and the rapidity of 
the fire should encrease in proportion as the extent of 
the range diminishes. If great precision be not re- 
quired in laying the gun, three rounds may be fired in 
a minute. 

8. Double charges may be advantageously used at 
ranges not exceeding one hundred and fifty yards. 

9. The line of direction of a gun loaded with grave 
or case-shot should be rather over than under tne 
object fired at, but the extent, or degree of this eleva- 
tion must depend upon the distance of the object 
from the gun. 

Grenades were quilted into grape at the siege of 
Gibraltar. The fuzes were turned inwards next the 
pin of the tampion, and quick-match leaders were 
introduced through holes in its bottom. They were 
fired from 13-inch mortars, and answered extremely 
well at short ranges. 

On the Weight and Dimensions of Shot and 

Shells. 

The weight, or dimensions of a shot, or shell, may be 
readily determined by means of its specific gravity. 
But a shot, four inches in diameter, weiffhs 9*0029 
pounds, and similar solids are to each other as the 
cubes of their like linear dimensions. Also, the 
specific gravity of gunpowder, in a closely shaken 
mass, is 920, — Consequently, a cubic foot of the mass 
weighs 57*6 pounds, end one pound of it, occupies 
thiri^ cubic inches. . Hence, on these data, ikft^gi]ot\.- 
iug the fractional we^ht of the glvea sliQi, tdatj ^% 

. A A 2 
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weight, dimensions, or capacity of any other sbot, or 
shell, be still more readily ascertained. 

1. Given the Diameter of a Shot to find its Weight. 

Multiply the cube of the g^ven diameter, in inches, 
by 9, and the product, divided by 64, will be the 
weight required, in pounds. 
The diameter of a shot being 6*7 inches, required its weight ? 
Here, (300-763 x 9) -f 64 =42'296 Lbs. 

2. driven the Weight of a Shot to find its Diameter, 

Divide the given weight, in pounds, multiplied into 
64, by 9, and the cube root of the quotient will be the 
diameter required, in inches. 

The weight of a shot being 42 pounds, required its dia- 
meter? 

/42x64v* 
Hei-e, (—. \ '*=6-753 Inches. 

3. Given the Dimensions of a Shell to find its Weight. 

Multiply the difference of the cubes of the internal 
and external diameters of the given shell, in inches, 
by 9, and the product, divided by 64, will be the 
weight required, in pounds. 

The internal and external diameters of a shell being 
8*65, and 12*8 inches respectively required its weight! 

Here, ^ (2097-152— 647-215) xo) 7- 64=2046 Lbs. 

4. Given the Weight and External Diameter of a 
Shelly to find its Internal Diameter. 

Divide the difference of the weights of the given 
shell, and of a shot of the same diameter multiplied 
into 64, by 9, and the cube root of the quotient will 
be the internal diameter required in inches. 

The external diameter of a shell being 6*05 inches, and 
its weight 22 pounds, Tec^n^^*\\a\si\fcTVi^ diameter! 



Here/ (31 -14— 22x64)4-9) =402 Inches. 

5. Griven the Internal Diameter of a Shell to find its 
Capacity, or Content, 

Multiply the cube of the given diameter, in inches 
by *5236, and the product will be the content or capacity 
required. 

The internal diameter of a shell being 8*65 inches, re- 
quired its capacity or content f 

Here, 047-3146x '5836=338'862 Cubic Indies. 

6. driven the Capacity or Content of a SheU to find 
the quantity of Potpder it will contain. 

Divide the given content or capacity, in cubic inches, 
by 30, and the quotient will be the quantity of powder 
required, in pounds. 

The capacity, or content of a shell being 338*881 cubic 
inches, required the quantity of powder it will contidnl 

Here, 338-881 -r 30=^1-296 Lbs. 

7. Given the quantity of Powder a Shell wUl contain 
to find its Internal Diameter, 

Multiply the given weight of powd», in pounds, by 
57*5, and the cube root of the product, will be the 
diameter required, in inches. 

The weight of powder which a shell will contain being 
6 pounds, required its internal diameter I 

Here, I 6x67-6) =7-0123 Inchw. 

8. iHven the Internal Diameter of a Shell to find 
the quantity of Powder it will contain. 

Divide the cube of the given diameter, in inches, 
by 57*5, and the quotient will be the weight of the 
powder required^ in pounds. 

Thdiistemal diameter of aftb^&\V\>e^:|&l*^V^VaQs^Bis»i-> 
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required the qaanti^ of powder that it will oontun ? 
Here, 344•812■^57•5=&•99 Lbs. 

9. Given the Dimensions of a Cylimier^ tofimd the 
quantitjf of Powder ii will eontam, 

Mnldplj the square of the diameter of the given 
cylinder by the length of its axis, both in i^hes, 
and tbe product, divided by 38*2» will be the quantitr 
of powder required, in pounds. 

The diameter and azia of a cylinder being respectiTe] j 
10, and 20 inches, required the quantity of powder it wiU 
eontaint 

Here, (100x20)4-S84 zfiB-SM Lbs. 

10. Given the DiavMter of a Cylinder, eaU the 
quantity of Powder that it mil contain, to find its 

Length. 

Divide the product of tbe given weight of pow- 
der, in pounds, multiplied into 38*2, by the square 
of the diameter, andihe quotient will be tbp length 
required, in inches. 

Tbe diameter of a cylinder being 6*4 Inchea, required 
what length of it will be filled by 12 pounds of powder? 

Here, (12x38-2)-r40-9e=ll*119Inche». 

Slow-Match, — Artillery, 

In this country, slow-match is prepared by soak- 
ing white hempen or flaxen rope, slightly twisted, 
in a strong lye- ft is made up in skeins, and bums 
at the rate of one yard in eight hours. Each hun- 
dred pounds of rope requires, in its preparation, 
fifty pounds of wood ashes, and twenty-five of lime. 
In France, the rope is soaked in a solution of rain 
water and sugar of lead mixed in the proportion of 
six ounces of lead to each gallon of water. FVench 
8low«tiiatclibum& 8X\)lck«t^X«^^^N^vaAlie8in ooehour. 



SMO. 



Smoke-Balls. — ComposUion. 

Dimensions, etc. of Smoke-Ball Cases. 




lO-Inch 1000 -717 -813 -121 -131 1-15 

8 „ 800 -664 -646 -lOg -110 1*10 

5i „ 5-«2 -396 -462 069 '076 79 

4| „ 4-52 -313 -367 064 069 '65 

The above are the exact dimensions of the cases 
when completed and perfectly dry. 

Implements required: — 

Formers. 
Guages. 



Knives. 

Bafips. 

ScisfiorA. 



Paste Tabs. 

BrasheSk 
Punohes. 
Aeamers. 
Irons. 



file composition is put into the case warm. It must 
therefore be rolled vp in pieces about tliree inches 
in let)gth,«&d of such a thickoessas will allow of its 
passing freely in at the fuae-hole. Five or six pieces 
should be put Into the ease at a time, and should then 
be set down with the leading «tick from the centre 
to the aides, the «nd of 4he stick being occasionally 
greased, otlierwise the -composition wifi sdJbere to it. 

f mpilemedts required : — 



MixiD|[ Tables. 

Rubbers. 
Hair Sieves. 
Iron Pots. 
Copper Fans, 
opflftttlas. 



Loading Sticks. 
Grease Boxes, 
FnzePhigs. 

Dxifts. 

Ladles. 
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Materials required to complete 10 of ^txh of tbe 
undermentioned Smoke-Balla. 




MATERIALS. 



Cartridge Paper Quires. 

Flour Lbs. 

Saltpetre 

Sulphur 

Gunpowder 

Talloir 

Quick Match 

SeaCoal 

Pitch 



17-260 
3185 

86-000 

9-760 

•0«2 

27-025 

34000 



10-000 
1-125 

50*000 

5000 

•047 

16*250 

30-000 



7*000 

1000 

35000 

3-500 

-032 

ll-»75 

14-000 



4-000 

•760 

SO-000 

8H)00 

•082 

6-600 

8-006 



Sou N D. — Distance, — Pendulum. 

The cause of the sensation of sound is the moye- 
ment communicated to the particles of the air by 
the vibrations of a sonorous body ; and it is because 
the particles are driven from the point of vibration 
in every direction as from a centre, that the sound 
is perceived at once every where within the surface 
of a sphere of a certain extent. 

Sir Isaac Newton proves, by the analogy which 
the pulsations of the air have with the waves pro- 
duced by a stone falling in water, and also with the 
vibrations of a pendulum that an aeiiel pulse will 
be propagated forward through a space equal to the 
circumference of a circle, the radius of whidi is 
equal to the height of an homogeneous atmosphere, 
in the time that a pendulum, equal in length to 
that radius, would make one double oscillation. He 
supposes the height of such an atmosphere to be 
29,725 feet; and since a pendulum, 39*167 inches 
long would make one double oscillation in two 
seconds, he infeis \>^ tXie iheory of vibrations, that 



sou, 

a pendalum, eqaal in length to the height of the 
atmosphere would make one doable yibration in 
190*25 seconds, daring which time, from what has 
been said, the particles of the air woald be carried 
throagh 186,768 feet, and therefore through 979 feet 
in one second. And this of course would express, 
the velocity of soand if the air were perfectly elas- 
tic. The difference between this result, and the 
observed velocity of sound, is ascribed by Sir Isaac 
Newton to the thickness of the solid particles of the 
air, and to the vapours which float in the atmos- 
phere. But it is evident that the modifications to 
which the velocity of sound is subject on account of 
these circumstances must be very uncertain. In de- 
termining the distances of objects by sound therefore, 
we must content ourselves with the results of experi- 
ment till a more perfect theory shall be discovered. 

T&e first experimoits made for the purpose of as- 
certaining the velocity of sound seem to have given 
results which are much too great, and in proportion as 
more care has been taken in conducting them, the 
velocity has been found to be less. Mr. Roberts dc»* 
termined it to be at the rato of 1800 feet per second, 
and by MJAiago it was found to. be 1106*33 feet 
The experiments made by Dr, Gregory in 1823, at 
Woolwich, prove it to be still less, and the results 
^vhich he has obtained may perhaps be considered as 
approaching extremely near toe truth. 

Dr. Gregory employed the fire of guns, mortars, and 
iBiiskets, when the wind was scarely perceptible^-^ 
when the velocity of the wind was from 24 to 30 feet 
per second ; in one case towards the observer, and in 
another when directly from the observer ; again, idien 
the muzzle of the piece was tamed towards die ob- 
server,, and when it was turned from the observer. 
The height of the barometer during the experiments 
was firom 29*64 to 29*98 inches, and iVie \«ittVctid(»Sft^ 



sou. 

ascertained by Fahrenheit's thermometer, was from 27 
to 66 degrees. Lastly, the distance from the piece to 
the observer varied from 13,440 to 2,100 feet. 

The results were, that at the temperature expressed 
by 33 degrees, the velocity is 1,100 feet per second, 
when not affected by the wind, — that, for every de- 
gree of the thermometer below 33 degrees, half 'a foot 
is to be deducted, and for every £^Tee dl>ove 33 
degrees half a foot is to be added to the above number, 
in order to express the velocity. If the direction of 
the wind coincides with that in which the sound is 
heard, it increases the velocity of the sound by a 
quantity equal to its own velocity, and when the 
direction of the wind is contrary to that of the sound, 
it diminishes the velocity of tne latter by the same 
quantity, finally, no difference was observed in the 
veloci^ whether the muzzle of die piece was directed 
towaras, or from the observer, but the intensity vras 
considerably diminished in the latter ease. The ve- 
locities of direct and reflected sound were found to 
be equal, and it was found that the velocity is not 
affected by the intensity of the sound, the smallest 
sound moving as quickly as the loudest. Dr. Gregory 
further concludes, from a comparison of his own ex- 
periments with those made by Mr. Gh>ldingfaam at 
Madras, that in different climates there is a small 
difference in the velocity of sound. 

In order to ascertain the distance of any object 
by the report of fire arms, the f(^owing rule may be 
given. Multiply the number of seconds which elapse 
between seeing the flash and hearing the report 
by 1100, and the product will be the distance, in 
feet, with sufficient accuracy for ordinary purposes. 
If greater accuracy be required, this rule must be 
modified on account of the velocity and direction 
of the wind, and the state of the thermometer as 
above shewn. 
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Spi kes. — Artillery, — Dispart, — Vent 

Spikes are of two kinds. The spring spike, and 
tbe conical, or common spike, which serves for all 
natures of ordnance. The conical spike is four 
inches long, *27d of an inch in diameter at the 
head, and about *1 of an inch at the point. The 
spring spikes are all *19 of an inch in diameter, — 
they are perfectly cylindrical and vary in len^ 
from 2*128 to 5*602 inches, the length of the sprmg 
not included, according to the nature of the or£- 
nance for which they are issued. 

Sulphur. — Composition, — Gunpowder, 

A combination of vitriolic acid with a combusti- 
ble substance. It is brittle, of a pale yellow color, 
somewhat translucent, insipid, and inodorous, but 
exhaling a peculiar smell when heated. It becomes 
negatively electrical by heat, or friction^ and is a 
nonconductor of electricity. Massive, or native 
sulphur, that which is principally used in this 
country, is a natural product of Sicily, whence it is 
procured in enormous quantities. It is very inflam- 
inahle> suffers no change by exposure to the air, and 
is insoluble in water. 

Tackles. — ArtiUeryi — Exercise, 

Weight, Dimensions, etc. of Tackles. 

Triangle Gyn, 

Rope, White 3^ Inch, 12 Fathoms 26 Lbs. 

Blocks, Triple I2Iii6h 64 

„ DoubleI2 „ 54 

Weight Complete.. 144 Lbs. 

Sling Cwt. 

Lever Bopea, Tarred 2 Inch, 4 Fathoms . . • • 7 Lbs. 
Sling „ White d§ „ 24 „ .... \^ 

Weight Complete., ^lib^. 



TEN. 

Devil Carriage. 

FrerentiTe Rope, Tarred, 2$ Incb, 9 FaOioms, 10 Lbs. 

Breech <» » ^1 » ^ n 7 

Carriage „ „ 3| ,, 3 „ 4 

Gug „ w 2f „ 13 „ 38 

Weight Complete. . 49 Lbs. 

Luff. 

Rope, Tailed 2i Inch, 9 Fathoms J4Lbs. 

Blocks, Doable 8 Inch 84 

„ Single 8 „ 6j 

Weight Complete. . 29 Lbs. 

Tangent-Scale. — Ditpartj — DUtance^ — Carronade. 
Tangent-scales are adjosted with leference to 
the dispart and length of tbe gun, howitzer or car- 
ronade to whicb tney are to be applied. If the 
scale is to be applied above the base-ring, tbe, 
dispart must be subtracted from the length of the 
tangent prior to its application, — if it is to be applied 
at Uie quarter sight, no deduction whatever most 
be made in the length of the scale. 

Hence, to find the length of the scale for a pro- 
posed elevation, multiply the length of tbe given gun, 
in inches by the tangent of the angle corresponding 
to the proposed elevation, and the product will be 
the length of the scale required, also in inches. 

Tents. —Camp, — Park. 

Weight, Dimensions, etc. of Tents. 

Captain's Marquee, 

Standards, Length 800 Feet Diameter 2*25 Inches. 
Eidge-Pole .. „ 7-00 „ „ 225 „ 

Door-Standards „ 6*25 „ „ 1*50 „ 

Fins, Large .... 4 Mallets .... 2 

„ Small.... 96 Weight Complete 142 Lbs. 

Standards and. "R.i^^'a "CoVw^ ^wVVa. two pieces. 



TON. 

SuhalterrCs Marquee. 

Standards, Length 8*0 Feet. Diameter 2'Si5 Feet. 
Ridge Pole, „ 6-0 „ „ 2-5^ „ 

Door Standards, „ 6*0 „ „ • 1'50 „ 

Pins, Large .... 4 MaUets . . , ; 2 

„ Small.... 6 Weight Complete 134 Lbs. 

Circular Tent, 

Standard, Length 10*25 Feet. Diameter 2 Inches. 

Fins 20 Mallets 2 

Weight Con^lete 53 Lbs. 

Mesi Tent, 

Standard, Length 12*5 Feet. Diameter 3*5 Inches. 
Fins, Large .... 4 Mallets. . . .2 . 

„ Small.... 78 Weight Complete 142 Lbs. 

Hospital Tent. 

Standards, Length. 13*50 Feet Diameter 2*5 Inches. 
Ridge-Pole „ 13*25 „ „ . 2-5 „ 

Door Standards „ 6*75 „ „ 2*0 „ 

Fins, Large .... 4 Mallets ... .2 

„ Small 180 Wdght Complete 371 Lbs. 

Laboratory Tent, 

Standard, Length 1625 Feet Diameter 5 Inches. 

Fins, Large .... 4 Mallets ... .2 

„ Small 100 Weight Complete 234 Lbs. 

Each Standard and Ridge-Pole of these Tents is in two 

piecesh 

Ton nage. — Embarkation^ — Transport. 

In computing the tonnage of a vessel, os its 
mean^ of transport, forty cubic feet mal^ one ton. 
Carriages, and in general all bulky stores aro esti- 
mated for by measurement, and should therefore be 
taken to pieces and packed in the smallest possible 
compass. Ordnance and heavy articles of all kinds 
are taken according to their actual we\^\i\.. 
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Tools. — Artillery. 

Detail of Implements and Tools for tbe Arti- 
ficers attached to a Field Battery, or Battery of Horse 
Artillery Equipped for Foreign Service. 



IMPLEMENTS, etc. 




Fakbisb'8. 



Chi8elii,Hot 

Fullers 

Hammers, Hand, 3 lbs 
„ Sledge 10 „ 

Pokers 

PritohetB 

Slices ..: 

Stamps 

Tongs pairs 

Boxes 

Buffers 

Hammers, Pointing . . 

„ Shoeing ■,. 

Knives, Drawing — 

„ Paring 

„ Searching.. . 

„ Toeing 

Pincers pairs 

Hasps 

Stakes, Pointing 

Twitchers 

Physic lbs. 

Diuretic Bolls 

Fever „ 

Gripe , 

Blistering Ointment . . 
Wound „ 

Blue Vitriol 

Alum 

Nitre 

Sugar of Lead 

Cujiuary Salt 

Tow 

Cloth for Bandages .. 

Paper for Balls 

Clyster Pipes 

Bladders 

Bits 

Straps 



>» 






1 
2 
1 
1 
1 
2 
I 
2 
1 
2 
3 
2 
2 
6 
3 
3 
3 
2 
9 
2 
2 
1 
2 
1 
2 
2 
2 
2 
8 
1 
1 
4 
4 



1 

12 
1 
\ 



With the Forge Waggon. 
Forge Toola. 



»» 
ft 
»* 
»» 
•I 
» 
»» 



*t 
»• 
*» 
>» 
*t 
» 



Shosing Tools. 



>* 
»» 
tt 
>> 
» 

»> 
t» 



>* 
»> 

»» 

X 

»> 
» 
»> 
»» 
n 
»» 
ft 



The proportion of Medicices, 
here given, is considered suf- 
ficient for 120 horses fbr two 
months. It is proposed to 
place a proportion and a half, 
or sufficient for 180 horses, 
packed in a box fitted with 
canisters, etc in eadi Store 
Wa^D, and a box, similarij 
fitted, containing half a pro- 
portion in the Limber box of 
each Forge Waggon in charge 
of the Farrier. 

Medical Tools. 



>» 



»t 

»» 
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Implements and Tooj.s^contintied. 



IMPLEMENTS. 



I 



Obsekvations. 



Fa&kx ib's — eontintted. 



Drenching Horns 

Balling Shoots 

Rasps, Mouth 

Ladles, 7-Inch 

4 „ 

Bleeding Sticks 

Phlemes eases 

Scissors pairs 

Shears 



>» 



Cabbiage Smith's. 



» 



>* 



Braces 

Bits, Square 

„ Half-round. . . 
„ Countersank 
Chisels, Cold, Hand 
„ „ Bod . 

« Hot 

Compasses, 7-Inch pairs 

Callipers, 9 
Drill Bows . 

Rreast Plates 

Boxes 

Catgut knots 

Dx2l8 

Stfxdcs 

Files, Bubbers, 16-Inch 

Flat, 14-Inch 

» 10 „ 

>» S „ 

Half-round, 14-Inch .... 

), 10 , , .... 

Round, 12-Inch 

» ® »» 

Four-square, 10-Inch.\.. 

„ o „ . . . . 

Three-square, 12-Inch 

7 

Warding, Smooth 

File Handles 

Pincers 

Punches, 3 sizes 



>» 

*» 
>» 
»» 
»» 



.pairs 



6 
6 
4 
1 
3 
10 
6 
4 
4 
4 
4 
2 
2 
2 
1 
1 
2 
6 
1 
3 



With the Forgt Waggon. 
Medical Tools. 






3 Phlemeb in each case< 



With the Forge Waggon. 



For the Braces. 



if 
>> 



>> 






For the Drills. 



>» 



Cut, Bastard. 



>» 
»» 

» 
if 

n 



Cut on one side. 
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Implements and Tools — coniinued. 



1 t IK 



IMPLEMENTS, ETC. 



I 



OBSBRTATIOVt.- 



Carbuoe SMnra's-^oniinued. 

Hammers, Sledge, 12 lbs 

7 

Hand SHbs. 
Bench l|lbs. 

Set 3, lbs 

Saws, Slitting 

Squares, Iron 

on Stones, Turkey 

Screw Drivers, 6-Inch . . 

Stocks and Dies Sets 

Screw Plates and Ti^ . 

Tongs, Fure Bit Pairs 

» Plyer 

„ Hammer , 

„ Hollow Bit 

„ Boat 

Vices, Standing 3&-lbs. . 

„ Hand 

Wrenches, Wedge 

Rules, 2-Feet 






Wheeler's. 



Broad Axes, 6^ lbs. 

Adzes, b\ lbs 

Bradawls 



>> 



Augers f Inch 
I 
f 



» 

»> 



IS 

s 



Bevels, Steel Blade 

Tool Ba^s 

Buzzes, ^-Inch . . . 
„ 1 >> .. • • . 

CrowBsim^ 7-lbs.... 

Drawing Knives, 10 lnc\i 



••••«•< 



6 
18 



WUh the Forge Wu^^. < 






Graduated. 
Small Size. 

Middling Sizes. 
Small. 



With the Spare Gun Caniag 



With Handles. 
Without Handles. 
With Handles. 



» 

»> 



TOO. 
Implbhekts iND TooLa—etmHiaud. 



IMPLEMENTS, ETC. 


1 


c...„™ 


CompiaiMjWiiig.lii-lncli I'Hirs 








„ „ Plnoer i-lnoh .. 

I I ■: r: ii 






D-aU^. 


" K™°^aY°ch' 








SpUo , 

Guim«,BcotoK,S.tal. 

',', BoriibB i-ini^ ;; 

", Pwklnn l-lnch '.'.'."'.'. 

„ SiDBleandMvrti.*.,.. 

HunniciI,M»l|ia..J<l-ll«. ... 

" U;nd'"*Jtt 

cii..ttLin«"jH«i,",. .■.::;■ 




?r"a^j«k''"°' '"" 




.. ■I'T^ 





TOO. 

a Tools — coniiauerf. 



IMPLEMENTS, b: 



FJoneH, SmooUuD^.^... 
Q Lue Fou aod Bnuhu. 



„ BUCkliDC 

• [Hiniilei.Sgizn.. 
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Implements and Tools— :contmu^4' 



IMPLEMENTS, £TC. 




Obsbi^tations. 


Collar Maker's— continued. 
Hammers^ Siiddler's 


s 1 

100 
100 

18 
6 

25 

2 
2 
2 
2 
2 
2 

2 


With the Store Waggon. • 
With Side Claw. 


„ Claw ..■ i 

Irons. Edee 




.. Palin, 34-Inch 


. 


29 








„ Collar 




,, Seat Stuffing, 14-Inch . . . 

>» >» »» Al „■ 

„ Pricking, Round. ... ... 

>» »> >» • • • 

,. „ Square 

Knives. Round 


6 Teeth to the Inch. 

6 Teeth, Scale of 10 to the Inch 

o ,, ,, 14 ,, ,, 


„ Head 




,, Hand Straight 

liOads. Punchinir. 8-lbs 


. 


Mallets. Collar 




• Boxwood 

Marline Spikes, Wood 

Needles, Saddler's 


Assorted. 


„ Harness Maker's 

„ Collar „ 

,, Quilting 




.. Stitchinff 




Nail Claws 




Pincers, Saddler's Pairs 

„ Common „ 

Plyers, Flat Nose „ 

Hasps, Shoe Maker's 




Punches, Trace, Large 

„ „ SmaU 

„ Strap, Large 

„ „ Small 

„ Stirrup, Large 

„ Bridle, Medium .... 

Bales, 2-Feet 

Scissors, 8-Inch Pairs 

Seam Turners 

Snoke Shaves. Larse 


Folding in 4. 


Screw-Drivers, 6-Inch 

Steels, Batcher's. 




Thimbles 





bb2 



TOO. 

a TooiM — roHimatd, 



1MPX.EMEMT8, f 



„ Bind fin 
Qlni PauiodBFi 



l» IMt Sparc Gwi tar 



^i^l 



Ihplehbnts itND TooLa—eontiButd. 



IroM.Edgo 

„ IWm.M-lMh 

" CollK'.... '.'... '.'.'.'.'. 

,, Sml Stuffinit, 14-Ia( 

,. .. .. 11 ., 

„ Pncking, Round,. , 

" '.'. Sqmre':; 
Kulici, BouDd 

Needlm, BoddjOT-i ....'.'.'. 

„ QuiltuiB ...... ^ 

Nbi'cLkii ......'.'.'.'.'.','. 

Plyere, Fist N'lM 

Jtups.ShoeMKkEr'B 

,. Stltbi Lbtvd --. 

., SsxU... 

,, Stirrup, Lwve . 

Sainm, B-lncJt ...,,.,. 

SMmTiimen 

SpokB Shiret, LiiTgA 

Sorew-DilTen, fl-looh . . . 

SIb1% Bntsbgi'a 

nWlH 

BBS 



IFJIA f Ac «1«H WmggBH. 



TOO. 



I 

s 




I Ti 



» ^ 







r 

4 



■^•.teitt :s*-r- 
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Implements and Tools — continued. 



IMPLEMENTS, rtc. 



I 



i% 



Tinsmith's. 



i» 






Awls SoorinK 

Bellown Pairs 

CompasMMt, 7.1nrh 

ChindH, Cold, 1-Inch by A 

Files, Flat'nasUird' 18-Inch ! . ! . 
Kaaps, Half-Koiuul 13.1nch.. . 

Grover% Hund 

HammerH, Blork 

HnlJowinff 

Ituuudiug 

UivctUn(( I Ih 

Paucinff 3^ „ 

„ Lead3i „ 

„ Crt'aHiiiKlOoz 

Irons, Beak Folding 13 lbs 

Creasing 11 Ihs 

Soldering 

„ „ liflttonring.... 

„ Creasing 

Knives, Mnch 

LeadA, 1 1 lbs 

Mailets, Doxwooil 

Punchi^, Flat ^Inch 

"^ » 

Hollow I'lnch 

» V 









>l 



»t 



V 



>> 



„ Dub.. 
Firo Pots 10^ lbs 

Plycrs, Flat Pairs 

Piueem, Cutting, or Nipping 
Stakes, IU>und *J-lnch 

„ Tubo . . 

Spur Tools 

Shears, Stock Pairs 

n Snip 

„ Scotrli 

Squares, Iron 

Files, Square 9-Inch 

Ixon Wire oz. 



»» 



Obsebvatzons. 



I 

t r 



Face 1^ by li-Inch. 
Square Faceu If-Inch. 



Same Pattern as Smith's. 



For Tubes. 



Tl^th Bed fbr Tubes. 
Wrou^t Iron. 



Graduated. 
No. 10 Geiig^. 



TOO. 



Implements and Tools— cofiftiiiceif. 



IMFLEMEHTS, stc. 



OBSESTATXOVfl. 



COOPSB't. 

Adzes, 6an Metal 

Drivera 

Wrenches 

Adzes, Sharp 

t. Bounding 

Axes 

Bung-Borers, 3-Inch 

Cross-Stocks, 2-Inch 

ChiYes, T^Inui 

tt 6} „ 

Compasses, 12-Inch Pairs 

Drivers, Uprij^t 

„ Kne^ 

Files, Handsaw 

Howels , 

Hammers, Bi vetting, Sf lbs. . . 
I, Brad 2 » • ■ 

Bick Irons 

Jointers , 

Jiggers 

KniTes, Heading or Drawing 

„ Cramming 

„ Cleaving or Splitting . . 

Pincers Pairs 

Punches, 10-Inch 

f, 6 »> 

Bales, 2-Feet 

Stocks 

Bits, Dowling 

Centre 1-Inch 






»» i » 

„ Taper 

Handsaws 

„ Compass or Turning. 

Shaves, 2-Hand 

Outside 






Inside . 



>> 



Stones, Rag 
Oil. 



» 



Vices, Screw. 



For the Powder Banelft. 












1* 



Puncheon or BantL 

PaU. 

Six GaUon. 

Four 



» 



Field Service Pattern. 



For Casks. 



it 



»?, 



A 



Pails. 
Cased. 



TOO. 
iMPLSMBXTs AND TooLS — comHmHL 



IMPLEMENTS, etc. 



I 



Tinsmith's. 



»t 



»» 
>> 



Awls, Scoring .... 

Bellows Pairs 

Compasses, 7-Inch 

Quselfi, CoIJ, 1-Inch by 5 

• t If 4 >> O . . , . 

Files. Flat Bastard 18-Inch 

Kasps, Half-Roundia-lnch.. . 

GroTers,Hand 

Hammers, Block 

„ Hollowing 

„ ltoun<Uug 

„ Kivetting I lb 

PanoingH » 

Lead3| 

„ Creasing 10 oz 

Irons, Beak Folding 13 lbs 

Creasing 1 1 u>s 

Soldering 

„ Bottoming.... 

„ Creasing 

Knives, .VInch 

Leads, 11 lbs 

MailetM, Boxwood 

Punches, Flat ^Inch 

»» "^ »» 

„ Hollow I'lnch 

» V 
.. V 

» Dub 

Fire Pots 13i lbs..., 

Plyers, Flat Pairs 

Pincers, Cutting, or Nipping 
Stakes, Kound ^Inch 

„ Tube 

Spur Tools 

Shears, Stock Pairs 

» Snip 

„ Scotrh 

Squares, Iron 

Files, Square 9-Inch 

IxonWire oz. 



i» 



»i 



>i 



•I 



0B«££TAXZ0VH. 



f r 

I 

•li; 



Face 1| by 14-Inch. 
Square Faced If-Inoh. 



Same Pattern as Smith's. 



For Tubes. 



With Bed for Tubes. 
Wrou{^t Iron. 



Graduated. 
No. 10 Gaug». 



tftE. 

Transport. — EmbirkhiUm^'^ Tonnage. 

The proportion of tonnage allowed for troops 
embarked on board transports is usually at the rate 
of two tons for each man. It is understood, how- 
ever, that this proportion varies with the urgency 
of the service ana the expected duration Ss the 
voyage. 

Trench. — Artillery^'^Forlificatiimj'—Ilicochet, , ■ 
Trenches are either lateral or direct. Direoty 
when, step by step, they gradually diminish the 
distance between the besiegers and tbe besic^od,--* 
lateral, when, in every part, they are equidistanti 
or nearly, fio^ from the salianjts of tbe works, the 
prolongations of which they embrace. Lateral 
trenches are called parallels, or j^ces of arms,~ 
direot, zig*zags, approaches, or communication& 

Ground is usually broken in tbe nigbt. It is, 
therefore, of the utmost importance tbat advantage 
should be taken of the enemy's ignorance of tbe 
side of attack, to push forward tbe approaches at 
least as far in advance as tbe first parallel, before 
daylight. Some authors recommend tbat Uie ope- 
ration of breaking ground should commence with 
the parallel itself, and that the opening of tbe com- 
munications with the dep6ts in its rear should, if 
necessary, be postponed until the following morn- 
ing. By this mode of proceeding, wbicb is decidedly 
preferable to the other, immediate cover for the 
guards of the trenches will be obtained, and the 
ricochet and enfilading batteries may be brought 
into play at an earlier period of the siege. 

' If the first parallel could be established at a dis- 
tance not exceeding four hundred yards from the 
saliants of the covered-way, important advantages 
would be thereby obtained. Jt is, however, gene- 
rally lun at about so. V\>sA\^^ ^^^^ from those 



points, — its extent being sufficient to! embrace: 'the 
prolongations of all those works, the artillery of which 
oau. bee brought to bear upon the approacl^es. - The- 
extremities of this parallel are usually secured either^ 
by redoubts or by returns, about thirty or forty yards 
in kagth, behind each of which an epaulment is some- 
times thrown up as a cover .for cavalry, j^s respects 
the profile of the parallel, which is itself traced upon 
the gvound by means of white tape* or ciord, if the 
ganifion be strong, it should be ten £eet broad, ind&- 
peindent of the banquette,*^if it be weakj about seven 
feet will usually be found sufficient. In either case^' 
k&depth, added to the height of its parapet, (must be 
sueh ais to conceal every thing that passes within it 
fvond the view of the garrison. 

• The working parties, by whom the trench is to be 
excavated, proceed to their stations, by the most con-^ 
venient routes, in single file, each man carrying a fas- 
eine, and being provided with a spade or ishovel and: a 
pickaxe. On the arrival of the men at their respectlvitf 
stations, each manr deposits his fascine, which is font 
ifeet'long, on the ^ground, two feet in advance o^ and 
paarallel. to,. the tracing Utie^T-the space between' the 
tDacongliseand the line of fascinea oeing left tu ferm 
the bcmquette* If the soil be favourable each man 
should excavate, before the hour of relief, about a 
ettbic yard and a half of • the trench, or a portion of it, 
three feet in depth by three feet six inches in breadth^ 
and^ ill length, equal to the length of the fescine in 
hi6(6ront,->-a portion of work which, at the sieges in 
2^in, the men nevmr failed to perform in three nours, 
even under a heavy fire. 

it is usual to pnsh forward the approaches upon the 
prolongation of the capitals of the works attacked, 
as, in .those situations, they are least exposed to the 
enemy's fire, and are, at the same time, furthest xe* 
moved fiK>m the line of fire between tbe'be^<&%^^«sk^ 
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the besieger's batteries. If, however, these or corMs- 
ponding advantages do not attend approaches in those 
situations, they are, by no means, to be preferred to 
more secure positions. 

The usual method of tracing the zig-zags in the 
dark is by obsenring, in the day time, some near ob- 
ject, which, being in line with the saliants of the 
works attacked, may serve as a direction in the night; 
or, if the night be not very dark, the saliants of the 
works may themselves be seen above the horizon. 
Both of these modes of proceeding are, however, sab- 
ject to uncertainty. It is, therefore, upon a diiectiiig 
plan, or plan on which are laid down the exact posi- 
tions of the several flanked angles of the works em- 
braced by the first parallel, together with the prohNh 
gations of their faces and capitals, alone that depeid- 
ance can be placed. On this plan, the point at which 
the first branch of the zig-za^s is to commence being 
marked off, the point at which it is to cross the pro- 
longation of the capital, and that to which it is to ei- 
tend on the other side of the capital, or the point at 
which the second branch is to commence, is marked 
off in like manner, and so on for each branch in soiy 
cession. Provided with a plan of this description no 
difficulty whatever can be experienced, even in the 
darkest night, in tracing the approaches on the groand. 

It is possible, by a proper disposition of the troops 
appointed to cover the operation of breaking ground, 
to protect and push forward the approaches till they 
meet the musquetry fire of the covered-way. Arrived 
at these points, however, their further progress can be 
covered and protected only by dispositions in their rear. 
Hence, those points indicate the position of the second 
parallel, or defensive line; and further, that thence* 
forward, other defensive lines must be constructed as 
often as the relative positions of the besieged and the 
besiegers, in legaid Xo \)cv^ \i^«A& qC the several zig^ 
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zags, are such that the former caD, by a sudden sortie, 
reach and attack the working parties before the latter 
call arrive for their protection. 

The second paraUel, or defensive line, is traced on 
precisely the same principles as the first, except that — 
its position being within the effective range of grape 
aad ease shot — the more effectually to cover the men 
on its banquette, its parapet is supported, as are the 
parapets of all the works in its front, by gabions, or it 
is otherwise revetted. Good and efficient banquettes 
are essentially necessary in all the parallels, and it is 
also desirable that the revetments of such as are more 
than one hundred and fifty yards distant from the 
place, should, at intervals, be formed into steps, that 
the troops, stationed in them for the protection of the 
working parties, may, on occasion, advance and meet 
a sortie with their bayonets, in the more advanced 
portions of the trenclies, effective cover from the fire 
of the besieged is more essential than facility of egress. 
. On debouching from the second parallel the ap- 
proaches are pushed forward simultaneously upon all 
the capitals, till the head of each arrives at a point 
about midway between its point of departure ana the 
crest of the glacis. Arrived at these points, the safety 
of the working parties imperatively demands a more 
proximate protection than the troops, stationed in the 
seeond parallel, can afford. Demi-parallels, or places 
of arms, are therefore constructed in these positions 
to envelope the branches of the covered way, and U> 
support the besiegers in their ulterior operations. 

The fire of the place being too deadly and destruc- 
tive to admit of the approaches being pushed forward 
from the second parallel, by the ordinary process, it 
is thenceforward necessary to resort either to the fly- 
ing or to the full sap; or occasionally, as was advan- 
tageously practised at the Siege of St. Sebastian, to 
both combined. The mode of pioceedVn^^V] \Gk»?KO^ 
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of the fljing sap, has been, in part, explained in de- 
scribing the trace of the second parallel. It is only 
necessary further to observe, that, in this operation, 
the men work in pairs,— two men filling two gahioos^— 
and that, during the peninsula campaigns, no diffioolty 
whatever was experienced in execnting, by this pro- 
cess, after dark, any portion of trench that the working 
parties were sufficiently numerous - to line, notwith- 
standing the heavy fire of the enemy. 

If the enfilading and ricochet batteries have prodneed 
their expected elfect on the defences and fire of the 
place, the trenches may be pushed forward by the 
full sap, day and night, without intermission. The 
sappers appointed to this laborious and haEardoos 
duty are formed into brigades of eight men each, and 
subdivided into demi-brigades, as only four men can 
be employed on the sap together, or at the same time. 
It is also customary to relieve each demi-brigade at 
the end of an hour, and the brigade itself at Uie end 
of six hours. The leading sapper of the first demi- 
brigade — each sapper taking the lead in his turn — 
commences the operation. He pierces the parapet of 
the parallel, or finished portion of the trench at the 
point of departure, covers the opening by the sap- 
roller, pushes it before him, places the first gabion in 
the intended direction, and, keeping himself concealed, 
fills it with earth as expeditiously as possible. Being 
thus covered in front and flank, he sinks- the trench 
eighteen inches in every direction, again pushes for- 
ward the roller, places a second gabion, fills it, and 
thus proceeds, placing and filling one gabion after an- 
other, until he is relieved. As soon as the first sapper 
has advanced five feet, or placed and filled the third 
gabion, the second, third, and fourth follow in sucession, 
and each, in turn, widens and deepens the trench sdz 
inches. Or, the second sapper merely sinks the trencb 
Another eighteen \ivc\\es, vi\\A^ ^^ Vsaxd and fourUi, 
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each in succession, increase its breadth nine inches. 
By this last method, which is practised in the Bri- 
tish service, not only are the sappers more speedily 
covered than by the former, but they are also enabled 
' to keep pace with each other, as their labour is 
equalized. The ordinary working parties then enter 
the trench and enlarge its dimensions according to 
the prescribed profile. 

The third parallel is usually run at the foot of 
the glacis, its profile is generally bolder than that 
of the second. It is also sometimes necessary to 
construct a fourth parallel, especially if th& garrison 
be very numerous, or if its artillery cannot be 
silenced. 

Tube. — Artillery, 

The pipes of tube& of all descriptions must pass 

through a guage two-tenths of an inch in diameter. 

Dutch tubes are made of paper: metallic tubes 

of brass. The pipe papers of the former are cut 

into rectangles, each five inches and a half in length 

by two inches in breadth, and the slips for the cups 

into lengths, each seventeen inches, by four-tenths 

of an inch. The metallic tube pipes are each three 

inches in length, and the cups, before stamping, are 

. eaob-on^ inch in diameter. Metallic tubes are pre- 

..'ferred for land: quill tubes for sea service. 

,. . The composition is mealed powder mixed up 

, stiff with alcohol, and t^e tubes, when completed, 

. .. lire packed in bundles, each bun ale <:ontaiuing one 

hundred. 



Implements required : — 

; Needles. 

' Cbmpositiou Boxes. ' 

^ 'Leather Bottoms. 



Guages.. 

Slitting Engines. 
ji' Knives. 

Kniv^. 



Flannel Dusters. 
Wire Fndkatt. 



HUEBIALS. 



pB]Rr,M-PciiiiidetC«nnds( .. 

" ynaumta^".'.'.'.'.'.'. 



Vent.— ArttHwy,— TVS*. 

The Tenls of English ordnance, of all descriptioDS, 
are lwo-tenlb« of an inch in diameter, and it would 
appear, according to Dr. Hutton and others, to be a 
matter at indiSerence, so far as the initial *e1od^ 
and range of the piojectile are concerned, wbetbet 
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front of the charge. 

Brass ordnance is vented with pure copper, and, 
in consequence of the injury sustained by the iron 
guns employed at the sieges of Badajoe and Su 
MebasliaD in 1612 and 1813, it has been lecain- 
mended tliai iToti ot^ivBXu» ^loavbded for aieg« 
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equipments should, in future, be also vented with 
copper previous to its being issued. 
"'The recommendation is founded on a series of ex- 
periments made at Woolwich in September and Oc- 
tober, 1813, with four 24-pounders — two of them 
having common vents, one a vent of wrought-iron, 
and the other one of pnte copper — to ascertain what 
number of rounds, iron ordnance of this description 
loaded with the full service charge, one shot and two 
junk wads, is capable of sustaining without injury 
when the firing is incessant 

On the first day one hundred rounds were fired 
from each gun in six hours and twenty minutes, at 
intervals of four minutes between the rounds. On 
the second day, one hundred and fifty rounds were 
fired from each gun, at intervals of three minutes 
between the rounds, the rate of firing this day being 
fifty rounds in two hours and twenty-seven minutes. 
And, on the third day, the practice of the second was 
repeated. 

The bores of the gfuns were then — four hundred 
rounds having been fired from each — carefully ex- 
amined, and found to be uninjured, except near the 
seat of the shot, where they were dightly indented. 
On examining the vents after every twenty-five rounds 
on the first day, and every fiftv, on the second and 
third, that of copper was found to have resisted the 
best, no change being perceptibie in it till after the 
first one hundred and fifty rounds had been fired. 
The common vents failed from the first, and continued 
to enlarge to the end of the firing, as did that of the 
wrought-iron, but this last so grsulually, that at the 
end of the first one hundred rounds, the change in it 
was hardly perceptible. It was also observed, that 
the injury sustained by the vent was, in every in- 
stance, greater at the upper, than at the under sur- 
face. 
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Wad. — Artilltry. 

By the experin^ents of Dr. Hutton, Lombard^and 
others, it appears that the initial velocity of the pro- 
jectile, and consequent range of a piece of ordnance 
is affected neither by the use of wads, nor by the 
greater, or less ramming of the charge. Junk wads 
should therefore only be used in firing red hot €hot, 
or in firing at an angle of depression, and for ^his 
last purpose it has been proposed to make use of 
the caps of prepared paper in which the cartridges 
are packed. 

W ADM I LTi LT. — Artillery ^ — Magazine, 

Length 14 Feet 6 Inches. Breadth 1 1 Feet 6 Inches. 

Weight ^0 lbs. ; 

W REEh.^ AxletreBf — Carriage. 

Weight, Diameter, etc! of Wheels for Field, Siege, 
and Transporting Carriages. 

18-Pounder Guns, and 8- Inch Howitzers. 
Diameter 5 Feet. Wwght 3 cwt. 1 qr. 4 lbs. 

Limbers of 18-Pounder Guns, and 8-Inch Howitzers. 
Diameter 3 Feet 10 Inches. Weight 1 cwt. 3 qrs. 14 lbs. 

12- Pounder Guns and Limbers, 9-Pounder, and 
Heavy 6-Pounder Guns, and 24- Pounder Howitzers. 

Diameter 5 Feet. Weight 2 cwt. qrs. 14 lbs. 

9-Pounder, Heavy 6-Pounder, and 24-Pounder 
Howitzer Limbers, Light 6-Pounder, and Heavy 
3- Pounder Guns and Limbers, and I2-Pounder 
Howitzers and Limbers. 

Diameter 5 Feet. Weight I cwt. 3 qrs. lbs. 
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Mountain-Service Guns and Howitzers, and their 
Limbers. 

Diameter 3 Feet Weight cwt. 1 qrs. 24 lbs. 

Colonial-Service Guns and Howitzers, and their 
limbers. 

Diameter 4 Feet 4 Inches. Weight 1 cwt qrs. 8 lbs. 

The Ammunition Waggons of the 18-Pounder Bat- 
tery take the same wheels as its Guns and Howitzer, 
and all other Ammunition Waggons, and Waggons 
and Carriages attached to Field Batteries, and Bat- 
teries of Horse Artillery take the same class of wheels 
as the Limbers of their respective Guns and Howitzers. 

I^iege €attiage0. 

24- Pounder Guns, and 10-Inch Howitzers. 
Diameter 5 Feet. Weight 4 cwt qrs. 19 lbs. 

18 and ]2^Pounder Guns and 8-Iiich Howitzers. 
Diameter 5 Feet Weight 2 cwt 1 qr. 8 lbs. 

Limbers of Siege Guns and Howitzers. 
Diameter 3 Feet 10 Inches. Weight 1 cwt. 3 qrs. 5 lbs. 

Devil Carriages. 

Diameter (Hind) 7 Feet Weight 5 cwt. 3 qrs. 12 lbs. 
„ (Fore) 6 „. i,. 2 ,,.3 „ 4.,, 

Platform Waggons. 

Diameter (Hind) 5 Feet Weight 2 cwt 3 qrs. 4 lbs. 
„ (Fore) 4 „ „ 2 „ 1 „ 2 „ 

Flanders Waggons, and Pontoon Carriages. 

Diameter (Hind) 5 Feet 2 Inches. Weight 1 cwt 3 qips! lbs. 
„ (Fore) 4 „ 2 „ „ 1 „ 1 „ 19 „ 
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Ball Cartridge Waggons. 
Diameter 5 Feet. Weight 1 cwt. 3 qrs. lbs. 

Sling Carts. 
Diameter 5 Feet. Weight S cwt. 3 qrs. lbs. 

Hand Carts. 
Diameter 4 Feet 4 Inches. Weight 1 cwt qrs. 8 lbs. 

Trench Carts. 
Diameter 4 Feet 2 Inches. Weight 1 cwU 1 qr. 34 lbs. 

Windage. — Shot, — Shell, — Grunnery, 

If, according to Dr. Hutton, the windage of a 
piece of ordnance, or, the difference between the 
diameter of its bore, and that of its projectile, — ^be 
equal to one-twentieth of its calibre, from one^foorth 
to one-third of the force of the charge, or of the 
elastic fluid, generated by the ignition of tlie powder, 
escapes and is lost. 

It is also to the want of correspondence, arising 
from the windage, between the axis of the bore, 
and that of the projectile, and the consequent un- 
equal pressure of the elastic fluid on the surface of 
the shot, that artillerists attribute the injuries suir 
tained by the bore of the gun, and the >vant of ac- 
curacy and precision which is occasionally observed 
in their practice. 

The loss in the initial velocity, and range of the 
projectile, consequent on the escape and loss of the 
elastic fluid, can, within certain limits, be supplied 
by a proportionate increase in the charge, but the 
more important defects, the injury to which the bore 
of the gun is exposed, and the want of accuracy 
and precision in its fire, can be remedied only, by 
a reduction, to the utmost possible limit, in the 
windage itself. 
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BATTis, y. Field Fortification. 
LCOHOL, y. CompoHHon, 
MMUNiTiON, V. Cartridge. 

1 . Ball Cartridge, — 

Basis on which supplied to an Armj on Active 

Service. 
Weight, Package, and Transport of, v. Cartridge. 

2. Field Artillery,— 

Basis on which the supply of, for an Army in 
the Field is calculated, v. Field Artillery. 

Weight and Package of, v. Carriage, also 
Cartridge. 

3. Siege Artillery, — 

Baais on which the supply of, for the Attack 

of a Fortified Place is calculated, v. Siege 

Artillery, 
Expenditure of, at Sieges of Cuidad, Rodrigo, 

and Badi^os, v. Breach. 
Weight, Package, and Transport of, v. Cart- 

ridge, also Horses. 

4. Garrison Artillery, — 

Basis on which supply of, for the Defence 
of a Fortified Place is calculated, v. Gar- 
rison ArtiUery, 
Weight and Package of, v. Cartridge. 
Immuzette, v. Carriage. 

Weight, Dimensions, etc. of, v. Gtm, 
Raagas of, at various Elevations, v. Gunnery. 
iNTiMONYy V. Composition. 

Use and Properties of, as an ingredient in Fireworks. 
Vrms, y. Ammunition. 

Weight, PimensioiiB, etc. of SmaU-AmiB. 

cc 



Abtillebt, t. 

riiHiiritinn nf Mifriifl 
1. Fidd Aitfflerr,— 

ppopoftkn «^ WKemnrr to accompaT an 




CaEfare of OrdBanee, and relatiTe propar- 

tkm of Hooe to Ildd ArtflLerr. 
AvriicaSMiD of Aitfllcrr in tiie Field. 

a a • 

CompositiaiK of Batteries. 
Ftorsoonelaf* Field HmMIhj, orBattety 

of Hoffw AitafaiT. 
Detail of ArnxmamXiem and I^aharalflrT 

Stores fiir, 
J^iMtntfuAmi oi AmmmdiaoKk in Limber 



ImplemaBts and Geneinl Sfcoaes for, 

2. Siege Artillery, — 

Fropovtian.oi; reqniied for Atteck of Forti- 
fied Dace. 

Calibre of Ordnance, and relatiTe fntipor- 
tion of several natures. 

Application of Artillexy in Attack of Forti- 
fied Places. 

Composition of Battering TVain. 

Personnel, etc. fbr. 

Detail of Ammnnition and Laboratory 
Stores for, 

Implements and General Stores for, 

3. Garrison Artillery, — 

Proportion o^ required for Deience of 
Fortified Place. 

Calibre of Ch-dnance, and relative propor- 
tion of several natures. 

Application of Artillery in Defence of 
Fortified Places. 

Composition of ArmamenL 

Personnel, etc. for, 

Detail of Amm u ni tion aod Laboratory 
Stores for. 

Implements and Oeneral Stores fbr, 
At>TBIA, V. Shot. 

Weight,- IMmeYMAofM, «lc. ^f-Atkstrini'Cyiuui; r. (Taa, 



AXLETREB, V. Whtel. 

Weigb^ I)Mne«g|oii8, etc. of B«dcn Gum, v. Gwn. 
Balls, y. Arms. 

General Table ol^^fox Muaqnets, Carbines, etc. 

Directions for Casting, and Imptoments required. 

Rules to comimte Weight of^ from Diaxnete^^ and 
vice Ters^ 
Ball^Oartridge, y. AmmuiMim. 
Barrels, y. Gmmpmader. 

Weight and Dimensions of Powder, filled and empty. 

Distinguishing marks of, y. Ounp&toder, 

Rules to cMopixte Miignitad^, Capacity, and Buoy- 
ancy of, ' 
BASK^TSfY. BomlnVasei. 

Weight and Dimensions of Bailait, 
Battery, v. Platform. 

Different kinds of, defined. 

1. Gun BttttMries. 

2. Howitzer „ 
8. Mortar „ 

4. Barbette „ 

5. Coast „ 

Height of Epaulmenf^ ajeid phnenmom of OiteH. 

Materials, Men, and Time reqitireil . for caostmclaott 
of , Y, Field Fortification. / : ,: 

Bavaria, v. Shot, . ' 

Weight, Dimensions, etc. of Bayariaa Guns^ y. Gun, 
Bavins, y. Composition, 
Beds, Y. Mortar, 

Weight, Dimensions, etc. of,.for Libid Had Sea Ser- 

yice Mortars. 'V..'* .v , ' 

BLUE-Li6BtS4 v. CtafK^iotu 

Mode of fixing, andx Materials, Mi^(«ii^ to oon^te. 
Bomb-Vessels, y. JKfortor. . . .vjV ^ . ■ • 

Employment of, and Personnel fopSerrio4of <%fortars. 

Inftniatkuw £g».Mi;lu»ly a^iin Mdtkbi^ 

Composition o^AtnaH^anl al^;t , . . i 

DetaU of Amjam6a(titn% m^i>JM^fnMOgBjnfhdlkB for^ 

cc2 



2. Ball,— 

General Table of Mnsqnet, Cazbine, etc. 
Implements, Materials, and Time required to 

complete. 
Package and Transport o^ r. also H&nm, 
2a8B*Shot, y. Shot. 
)a8K, y. Barrels. 
yHAMBEB, y. Cartridge, 

Effect of, on Velocity of Projectiles. 
Observations on Form, and Position of, 
Rules to compute Content of, and Quantity of Powder 
a given, will contain. 
/HARCOAL, y. Gunpowder, 

Nature and Pk-operties oi, 
/HAROE, y. Penetration. 

General Table of, for Field, Siege, Garrison, and Sea 

Service Ordnance. 
Observations on, of Ordnance. 

„ „ Musqnets, etc. r. Cartridgei 

yHBTAUirBE-FRiZE, y. Field FortiJlcatUth 

Weight, Dimensions, etc. of, . 
/HiNESE-LiOHTs, v. CompotUton. 
^^ouMAVDy y. Fortification, /> - . /, 
[Composition, v. Tube, 

Properties of Ingredients employed in Laboratory, 
Directions for mixing Comj^o^fibh fbrj ' 

1. Bavins, Curtains, Fire -Barrel Covers, knd 
Reeds. ./•.■./■.. 

3. Blue-Lights. 

3. Carcases. /' 

4. Chinese-Lights. 

5. Fire-Barrels. : ' . *. 

6. Fire-Balis. 

7. Fire-Hoops, Arrows, and Laaoces. 



8. 


Fuzes. 


9. 


Kitt, 


10. 


Light-Balls. 


11. 


Portfires. 


12. 


QuiGk:J^atdu Ki . 


75. 


SignalTUock^ ; .. v W 


U 


Store. 



...1. 



Implements and General Stores for, 

Observations on Employment of M cntars, y. Mortar * 
Breach, y. Mine, 

Formation of, and Time required to render practicable^ 

Ammunition expended on, at Cindad, Rodrigo, and 
Badigos. • ' 

Durability of Ordnance, t. VenU 
Bru)oe, y. Pontoon, 

Principal points in construction of, 

Observations on Buoyancy of Bodies* 

Choice of situation taiy . 

Available Buoyancy and Fresemration of, . 

Cable, y. Cordage, 

Weight, Dimensions, and Strength ol^ 
Calibre, y. Shot, 

Calibres of English and Foreign Qmis, Howitsen^ 
and Carronades. 
Camp, y. Park. 

General Principles. 

Distribution of, for Battalion, or Squadron. 
Camphor, v. Composition, 

Use and Properties of, as an ingre^ent in Fireworks^ 
Carbine, v. Arms, 
Carcases, y. Composition, 

Weight, Dimensions, etc ofy 
Carriage, v. Wheel, 

Classes of, defined. 

1. Field. 

2. Siege. 

3. Transporting. 

4. Garrison. 

5. Sea Service. 
Carronade, v. Calibre, 

Weight, Dimensions, etc. of English and French. 
Ranges of English, v. Gunnery, 
Cartridge, v. Charge, 
1. Artillery, — 

Weight, Dimeimoin&,wA'Sw3«ajBi ^^AaM, Siege, 
Garrison, oq^Sl ^ea.%crjSft%. 



2. Ball,— 

General Table of Masqaet, Carbine, eto. 
Implements, Materials, and Time required to 

complete. - . 

Package and Transport of, v. also Htrsm, 
Case*Shot, v. ShoL 
Cask, v. Barrels, 
Chamber, ▼. Cartridge. 

Effect of, on Velocity of Prqjectilesi ' 

Observations on Form, and Position of. 
Rules to compute Content ofj and Quantity of F6wder 
a given, will contain. >../,. 

Charcoal, v. Gunpowder, * 

Nature and Properties o^ 
Charge, y. Penetration. 

General Table of, for Field, Siege, Garrison, and S«a 

Service Ordnance. 
Observations on, of Ordnance. \ ,. 

„ „ Mu8quet8,-^tc. r. €hittrid^i lU 

Cheyauxtbe-Frize, y. FiMJPcTtificaUom^ • 

Weight, Dimensions, etc. of, . . / , ' i 

Chinese-Lights, Y. ComjMMticdfi; 
Command, Y. Forft/fca£»on. > -^.." . /, ' 

Composition, Y. 7\«ie. 

Properties of Ingredieuts employed in Laboratory. 
Directions for mixing Coin)^6^^h fbr^' - ' 

1. Bavins', Curtains, Fire-Biii^l Covers, knd 
Reeds. -■'•■ '-- •' ""•••=■/ ■■'■-■ ''•' 

3. Blue-Ligbta. , "' ^ 

3. Carcases. ..•■,•,'..., --vl. .•:.:?■■ ■• '/it 

4. Chinese-Lights. — . . •' ^•i^ ; 

5. Fire-Barrels. r . » - ': : ! 

6. Fire-Balls. 

7. Fire-Hoops, Arrows, and Lances. 

8. Fuzes. /• • I •• ' • I' 

9. Kitt. 

10. Light-Balls. 

1 1. Portfires.; , ;: , / -v,, ;•, , , . • :,,:i\ y .- .V* . 

12. Quick^at^ ;.,... .luj.^'v^ '-A -.■■"■ 
J3. SignaltUafi^li^i iM.\'ii.V. 

14, StSLTB, 



15. Smoke-Balls. 

16. gUiifocatuig-Pots. 

17. Valenciexmes Composition. 
Convoys, v. Marching, 

Rale of TrftTdling o^. 

Rules to compute Time requirad to drire off, and 
trayel given Distance. 

Formation of £scort, and OrdfiT'.pf March .of^ 
Cordage, y. MaUriah% ... 

Observations on, 

Rules to compote. Weight and )Strength o^ 
Co-Secant, Y. />utance«. i 

Co-Sine, v. Dittances. 
Co-Tangent, Y. />tftoncefjo 
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JXKfinA»»^ V. Shot. 

Weight, Dimensions, etc. of .Danish Oims, t. Owt. 
Depression, y. Elevaium. i • ' 

Dispart, v. Tangent-Scale. 

Length oi, for Onus, Howitzers, and Canonades. 
Distances, y. Sound. 

Mensuration of He^hts, and, 
Drag-Ropes, y. Harness. 

Weight and Dimensions of, 

Elevation, y. BaUevy. 

Definition of^ in reference to Foint-Blank. 
Embarkation, y. Tonnage. 

Observations on the, of Field and ^ege . Ajftillery. 
Exercise, y. Mechanics, 

1. Field Artillery,— 

Field Batteries, — 

Exercise. 

Mandeuvres. 
Horse Artillery, — 

Exercise. 

Manceuvres. 

2. Siege and Garrison Artillery, — 

Exerciae of G\m& asv'^ QwRtfuute^, ' 
„ ^ox\ax% oiA'S.tf^iStowrfc, 



3. Various Machines, — . \ . 

1. Tiiangle Qju. 
«. BeUs . „ 

3. Gibraltar ,, 

4. Sling-Cart 

5. Deyjl- Carriage. 

Fascines, V. Trench. 

Weight, Dimension, etc. of, j 

Directions for preparing, and Impkisenits required. 

.General lObeemttions os9^ ^ 

Fms-B^LS v. CmvosUion- 
Fire-Barrels, y. (fomposition. 
Fire-Hoops, v. Composition. 
¥livts,y. Ammunition, " ■■' . 

Package and Transport of, . . . .*..•.. , : ; 

Fluids, V. Crititn^ry. k 

Elastic and Ncn-Elastie defined. 

Kesiatanee «f, to Moring Bodies. 

Pressure of, against Wells. . ' 

Velocities of Effluent ) 

Fortification, v. Buttery, 

Natural and Artificial defined^ >- ' 

1. Permanent Fortification^^ v . . » 

Value and Oefinitf oa of, 

Trace and Profile of,'^ftMM)rdiDg.to Vaubaii 

and Carmontaigne. 
Obserrations on the Stnongik'. of Bterfet- 

Detached Works jmd J^tt^enchmetits. 

2. Field Fortification, — .. 

BefiniiionaDdOlgeot'af^ : > 
Description of Ihe 'vadoiu Works em 

phiy^in,' • ' . 

Pxinciples on whidi ^e Profiles of, are 

segnlated. . :: 
Auxiliary Works and Constxsaolioiis. 
Disposition . j«id Interior Capaci^ -of JUi- 

cloded WeciOi . > 



France, y. Shot. 

Weight, Dimensions, etc» of Fr^ach Guns, y. Oun, 
n ft ff CaiTonades. t. 

[^Carronade. 
„ „ ■ „ Howitzers, T. 

. IHtnoiUer. 
Friction, y. Mechanics. 

Retarding power of, > 

Fuze, y. Composition . 
General Table of, 

Implements and Materials required to compiole. 
Rule to compute the length of, for a giyen Rtngew 

Gabion, y. Fascines. 
G rape-Shot, y. Shot. 
Gravity, y. Pendulum. 

Absolate and Specific, defined. . . 

Specific Grayities of Solid and Fluid Bodiea. 

Rales to compute the Weight of a Body firom its 
Magnitude, and vice yersa. 

Observations on the Force of, 
„ „ Centre of, 

Graze, y. Gunnery. 
Grease, v. Friction. 

Composition and Package of. 
Grenade, v. Shell. 

Distance to which thrown hy hand. 
Gun, v. Dispart. 

Weight, Dimensions, etc. of English and Foreign, 

Ranges of English, v. GtmJiery.. 
Gunnery, y. Fluids. 

Motion of Projectiles in a Non* Resisting Medium. 

Resistance of the Air. 

Trajectory of Shot in Atmosphere. 

Velocities of Shot. 

First Grazes of Guns, Mortars, Howitzers, and Car- 
ronades. 
Gunpowder, y. Composition. 

Definition and Composition of, 

Strength of CoTttpo«i^c»., 'T^iwsrj «sS. XT^fiammatioD, 
and Componetit ^«rta oi di»«tt.^p^^^1gVx32^\, 



IVBBZ. 

Purity of Constituents. 

Mixing and Grinding. 

Frasting and Granulating. 

Drying, Barreling, and Marking. 

Analy^s, and Available Force o£p 
Gyn, v. Exercise. 
Gyration, v. Pendulum. 

Obserrations on Centre of, 

Haircloth, y. Magazine, 

Weii^and Dimensions of, 
Hand-Barrows, y. Battery. ' 

Weight and Dimensions of, 
Hand-Spires, y. Exercise. 

Weight and Dimensions of, 
Hanoyer, y. Shot. 

Weight and Dimenisions of Hanoverian Guns, v. 

Harness, y. Artillery. 

Mens', — ^ ' «' 

Weight and Dimensions of, " 

Horse, — 

Weight of, and Articles oomposing, 
Hawser, y. Cordage. 

Weight, Dimensions, and Strength of. 
Heights, Y. Xh5tonce«. '" ' 

Hesse, y. Shot. 

Weight, Dimensions, etc. of Hessian Gtinr, v. (Ttiht 
Holland, Y. Shot 

Weight, Dimensions, etc. of Dutch Guns, v. Oun. 
Horses, y. Artillery, * ' * 

Distribution of, to Field, HorM, and Siege AiHUsr^. 

General Obseorvations oii Dram^t. /. 

Active Strength,' or AttasA Bhergy of, > ' 
Horse-Shoes^ v^ ArtUlery. 

Weight and Package of, - i. ' 

Howitzer, y. Dispart. ''-■'■' 

Weight, Dimensions, etc. of EngHsbland Frietic^, 

Ranges of English, v. G^ttfiMtfry. ' '^^ ^ V» 



Inclined Plane, y. Mechania* • 
Isinglass, y. Compotition. ' • 

Use and Properties of, a> aai fcayodl ^lift te Fireworks. 

KiTT, y. Compontim, 

» > ' ' ' • 

Laboratory, y. Campoiition. ' ' . . 

Detail of Stores for ». Field Battery, or Bfttterj of 
Horse Artillery, v. Field Artillery. 

Detail of Stores for a Battering XraSn. r; SHegeAriMefy 
„ „ the Otieaaot of a Fodiicid Place, 

V ▼. Garrison Artillery.- . 

Lead, y. Ball. 
League, y. MUe. 

Length of, in Tarions Comtries. < 

Leyel, y. Distance. 

Apparent and XUne^ defined^ 

Roles to compute the Heights and Distances of 
Objects by, -y • • • ■ 

Leyer, y. Mechanics. 

Weights and Dimensionfl o^ 
Light-Balls, y. Composition. 

Implements and Material te<nur6d to complete. 
Load, y. Horses. . . 

Magazine, y. Battery. 

Best position for, and construction p^ iU the Fi^d. 
Marching, y. Convoys. 

Rate of, of Infantry, Cavalry, and.ArtiU^ry* 
Marquee, y. Tent 
Match, y. Composition, 
Materials, y. Bridye. 

Absolute and RelatiYe StrengOi of, defined. 

Observations on Strength of Direct CDkeBion and 
power of, to resist Direct futd Transyene Pteasore, 
and Strain of Torsion. 
Measures, y. Mile. 

English and Fora^n, 

Mechanics, y. Motiou, 

Definition oi, an^^\ca«JVi\a ol'^toSsMssapj. 



Observations on Actions, Forwen, and'Eflfects ctftkd, 

1. Lever. 

2. Wheel and Axle. ; ' ' 

3. Pulley. . 

4. Inclined Ffat&o. 

5. Wedge. ' 

6. Screw, ;. . 

Medicine, y. Tooli. 'i 

Detail of a Proportion of Yetcgribtey for a Held Bfil- 

teiy, or Battery of Horse A^tiUei^.' . . ^ : 

Length of, and of other Foreign Itineraijy JCfftsures. 
MiSE, Y. Fortification. 

Offensive and Defensive, defined* .• - , 

Disposition of Defen^ive^ 

Definitions and Construction of, 

Observations on OJuiiges o4 j. . 
Mortar, t. Shot, ,,...'. . • 

Weight, Punena^n^y etc of, Land. and Sea Service, 

Observations on the employment oi, ■....} . . / ..t- . ■'[ 
Motion, T. Mechamcs, . .,.»..,= 

Equable and Variable, defined. 

La,ws o4 And Ohsarvations on J»^^a3»le, Ace^barated, 
and Retarded, 
M usQU ET, y. iirtiuu ;< 

.■■.■■ ' ■ ' • . •'- • 

Orpiment, y. Composition. 

Use and Properties of, as an Ingradient in FixtwedtiB. 

Oscillation, t. PeadMhim^ 

Observations on the Centre of, . 



■ • • . • • f : 
• ; ■• '■ f 



Pace, y. ilf(?(Mtire. 

Employed as a Sca]/B oftpmpa^wx^. 
Pijiia^u, V. Trench, 
Park, y, Cmp. . 
; Sjytmution W) and. Dxrectians /or; Pajrldng Field Batte- 
ries and Batteries of Horse ArtiUeiy. 
Pendulum, V. Gunnery, . • 

Applied t^T^ilBNui pnrpOieSh '. 
-. OtMetTii|io«9iaiTII»«tiaiio€4aAd^ttft^i&cH^.v^ - 

Length of Vibrating SiHttte ixL^iiwcAtCtiliB^^^^^ 




•«»< 



K£Lt£F, V. Fortification. 
Resins, v. CorApositon. 

Use and Properties of, as ah Ingreditfnt in Fireworks^ 
Revetment, v. Fortification. 
Ricochet, v. Grunnery, 

Practice with Guns, Howitzers, and Cartonades. 

Observations on, luring. 
Rifle, v. Amu. 
Rockets, v. Composition. 

General Table of Signal, 

Implements and Materials required to complete. 

Heights to which, ascend, and Distances at which 
visible. 
Rope, r. Cordage. 

Weight, Dimensions, and Strength of, 
Russia, v. Shot. 

Weight, Dimensions, etc. of Russian Gnns, r. Oun. 

Saltpetre, v. Gunpowder. 
Nature and Properties of, 
Sand-Bags, v. Fortification. 

Weight, Dimensions, and Package of^ 
Rules to compute number required for any Descrip* 
tion of Work. 
Sap, v. Trench. 
Saxony, v. Shot, 

Weight, Dimensions, etc. of Saxon Guns, ▼. Gtm., 
Screw, v. Mechanics. 
Secant, v. Distances. 
Shells, t. Calibre, 

Weight and Dimensions of, 
Diameters of Foreign, v. Shot. 
Rules to compute. Weights, DimenMons, and Con- 
tents of, 
Shot, v. Calibre. 
1. Round, — 

Dimensions of, for Guns, Howit^en, and Car- 

ronades. 
Diameters o{ Foreign, 



nr»Bz« 

Piling Shot and Sheila. 
Rules to compute Contmts of Files of, 
XftUa of C!oot«ats of Camp^etd Fikfl of. 
Rules to compute Weight of, from its Dii8- 
meter, and vice Tersa. 

Weight, Dimensions^ and Package of, 
Materials required to complete. 

3. Grape, — 

Weight, Dimensions, and Piu:kag»of, 
. Mat^iifl49 req.uired to complete. 
,ObsenratiiDai$ on Firing p aee and Grape-Shot. 
SiVE^ y» Distiances. 
Slow-Match, v. Artillery . 

Preparation of English and French, 
Smoke-Balls, y. Composition. 

Dimensions, etc of^ Gases^ 

Implements and Materials required to complete. 
Sound, v. Distancet. 

Observations on Velocity of. 

Rule to compute Distances by, 
Spain, v. Shot, 

Weight, Dimensions, etc. of Spanish Qunfi, v. Oun. 
Spikes, v. Vent. 

Dimensions of Spring and Common, 
Stars, v. Composition. 
SuFFOCATiNG-PoTs, V. Composition, 
Sulphur, v. Gunpowder. 

Natui'e and Properties of, 
Sweden, v. Shot. 

Weight, Dimensions, etc. of Swedish Guns, v. €hin. 

Tackles, v. Exercise. 

Weight and Dimensions of, 

1. Triangle Gyn. 

2. Sling-Cart. 

3. Devil-Carriage. 

4. Luff. 
Tallow, v. ComposUionu 



Tangent, v. Distances. 
Tangent-Scale, v. DUpant. 

Length and Adjustment of. 
Tar, v. Composition. 
Tents, v. Camp. 

Weight and Dimensions Bit 

1. Captain's Marquee. 

2. SubaltOTn'9 „ 

3. Circular Tent. 

4. MesB „. 

5. Hospital „ 

6. Laboratory „ 
Tonnage, v. Embarkation. 

Mode of computing. 
Tools, v. Artillery. 

Detail of, for Artificers in the Field. 
TRACfe, V. Fortification. 
Transport, v. Tonnage, 

Proportion of Tonnage for Troops. 
Trench, v. Artillery. 

Direct and Lateral, defined. 

Dimensions and conduct of, at a Siege. 
Tube, v. Vent. 

Composition of, and Implements required to complete. 
Turpentine, v. Composition. 

Valenciennes-Composition, v. Composition- 
Implements required to complete, v. Carcases. 

Vent, v. Tube. 

Effect of, on Initial Velocity of Shot. 
Experiments on comparative durability of Iron and 
Copper, 

Wad, v. Artillery. 

Effect of, on Initial Velocity of Shot. 
Wadmiltilt, v. Artillery. 

Weight and Dimensions of. 
Wedge, v. Mechanics. 
Weight, v. Measures. 



I 

Wbbel, t. AxlHrm. 

Weight and DimensioiiB o( 
1. FUld Caaiage. 

a Thmporliiig H 
Whsxl and Axle, t. MMml^*.-'. 
WiNDAOB, y. Ommiery , 

Aocoracj and Bnoifilm of Fir« atetod by» - 

WURTEM BUBGy T. 5Aot. 

Weighty VhumukooMf etc ef ■ Wnitenibiiig Goiis, ▼. 
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